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PEEFACE. 


Tire  OBJECT  of  the  following  tn^tUe  u  to  describe  tLo, 
nature  of  original  Scientific  Hetwcurcb,  the  chief  pcrgOD 
conditione  of  sucoesx  ill  it*  pursuit,  the  f*«ncTiiI  metlioda 
hy  wMch  <)isooY«rie*  arc  mode  in  Physics  and  Cbe- 
miBtry,  and  tlie  causes  of  failure ;  and  tbua  to  elucidate, 
so  &r  as  possible,  the  special  mental  conditions  and 
prooesses  bj  means  of  which  tlie  mind  of  man  aflocnds 
from  the  known  to  the  unknown  in  m»tten  of  science. 
Some  of  the  conditions  described  are  such  lui  I  hare  in 

own  experience  found  to  be  necenary,  and  gome  of  the 
jods  are  those  I  have  frequently  employed  in  my  own 
ches. 

Many  young  scientific  men  hesitate  to  undertake  ori- 
ginal research  from  a  fear  of  the  great  difficulty  of  the 
tui>k,  and  of  repeating  experiments  which  othere  have 
already  made^  and  also  becaude  they  do  not  know  how  to 
■elect  cuituble  subjecta;  and,  as  one  of  the  most  eBectual 
oonditioni)  of  ensuring  success  in  resaarcb  is  a 
"Oiorftiigh  study  of  the  gcnemi  aii<I  special  methods  and 
condid<Ht3  of  discovery,  it  is  hoped  that  such  persons  will 
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be  induced  to  attempt  original  invcstigntioa  by  tho  aid  of 
the  snggestioiu)  contained  in  this  book. 

Although  men  have  during  all  modem  time  made  dis* 
COveri<^M  in  Physics  and  Chemistry,  an<i  many  i-minunt 
invcetigators  haw  occupied  nud  are  still  ocuupyiog  &  large 
portion  of  their  Ii>'cs  in  original  scientific  research,  the 
conditions  of  success  and  fitiluro  in  tho  pursuit  of  original 
fioientitic  inquiry,  and  the  methods  employed  in  making 
disooveiieH,  remain  for  the  most  part  unknoTni  to  onljoary 
persons. 

In  Diiarly  nil  cases  investigators,  from  eomu  cauKu  or 
other,  have  not  troubled  themselveit  tu  describe  the  actual 
oiroumstaocee  which  gave  rise  to  their  discoveries,  and 
bare  thua  failed  to  leave  behind  them  the  ladder  by  wMcli 
Uiey  iuoendu<],  and  by  which  others  mighty  to  some  extent 
at  least,  have  bc<!U  ussistt^d  in  the  pursuit  uf  similar  ob- 
jects. Faraday,  and  particularly  Kepler,  did,  however, 
leave  an  account  of  a  few  of  the  fuiluree  as  well  as  the 
Bueoessea  of  their  reiuarches.  The  Ui^aphiea  of  such 
men,  and  also  some  other  books,  such  as  Thomson's  His- 
tories of  Chemistry  and  of  the  Koyal  Society ;  Whewell*8 
'  History  of  tht:  Inductive  Sciences,'  and  his  Philosophy  of 
those  sciences ;  Archbishop  Thomson's  '  Laws  of  Thought ;' 
Sir  John  Ilemchd's  '  Discourse  on  Natural  I'hilosophy  j ' 
Jevon^s  '  Principles  of  Science  ; '  Buckley's  '  Short  History 
of  Natural  Science,'  and  a  few  other  books,  contain,  in 
fragmentary  portions,  a  Utrgv  amount  of  information  of 
great  value  to  an  original  scientific  investigator.  The 
object  of  the  present  treatise,  however,  is  dilferenU  It  i» 
describe  in  a  concise  form  the  general  course  of  pro- 
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cedure  and  the  various  methoda,  by  pimuing  which, «  nail 
student  of  science,  pos3«i»ing  a  oertaln  amount  of  mientifia ' 
knoiitedge,  a  diiiciplined   mind,  and  tnaaipuUtivc  »kiU, 
tnajr  nratKiDitbly  vxpc-ot  to  tiiiceo«d  in  liudiag  new  truths 
uf  nature. 

It  has  been  eaid  Uiat  Lord  Bacon  hoped  to  furnish 
a  method  of  scientific  investigation  which  should  tie  so 
complete  and  accurate  as  to  constitute  an  organ  of  di*- 
eonry,  and  rvduoe  all  intcIU-cUt  to  n  luwl,  making  muucvwi 
in  the  search  after  tnith  a  matter  mcn-lj  of  time  and 
labour,  and  that  his  foUowere,  tau{{ht  by  experience  that! 
discoveries  cannot  thus  bo  made  by  rule,  have  attempted 
merely  to  analyse  and  describe  the  procesa  by  wtiidi  <Uji- 
coveries  hnve  be«n  uinde,  without  hoping  to  indicate  any 
nue  method  of  adding  lo  thvir  nnmlH^r.' 

Wliilet  I  do  not  forget  Dr.  WlicwcU's  luwrtion  that, 
Dg  with  BtricUie«8,  an  Ari  of  Discovery  is  not  pos-J 
ale ;  that  we  can  gi%'e  no  mles  for  the  pursuit  of  truth 
rhich  ithalt  he  universally  and  peremptorily  applicable ; 
and  that  the  belp«  which  we  can  offer  to  the  inquirer  in 
mch  cues  are  limited  and  prttcarious,  I  dinre  hi^  hopQj 
|tluit  aids  may  be  pointed  out  which  are  neither  wortblexf ' 
oninstnictire.' 

1  have  no  wish  even  to  sug^fest  the  idea  of  reducin| 
'all  intellects  to  a  level,  nor  to  make  success  in  research  a' 


■  Bowea'a  Lv/U,  SUi  edit.  p.  103,    In  a  shurl  coDvenallon  aa  lliia 
cl  arbicli  I  uooe  litid  wilh  the  tM«  Ur.  FxBilaf  Ijh  e^qircsaed 
a  More  tavoanble  opinion  ut  ihe  poMibility  of  my  prupMlttoi 
banlOf  HI  An  of  tJclanUAc  ULsccvery  than  Is  oantalnvd  la  lU*' 

FMuapij  ^  tU  imiftttitt  Settnen,  vol.  iL  p.  183. 
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mfttter  merely  of  time  and  labour  only,  nor  to  pretend  that 
important  disooreries  can  b6  completely  made  by  rule 
alone.  My  purpose  is  only  to  show  that  an  art  of  sclen- 
lilie  di)K'Ovtfry  jk  much  more  possible  now  than  it  was  in 
tlio  time  of  Lord  Bacon,  and  is  (aet  becomitig  more  so, 
and  that  tJic  proc«tiK  of  acicntific  discovery  can  even  now 
be  mucb  more  completely  reduced  to  order  and  rule  tJum 
is  usually  supposed. 

The  process  of  scientific  discovery  depends  on  a  com- 
bination of  experiment  and  logi;»l  inference ;  and  the 
t  W^  eiiccess  of  pi-evioiui  writ«r8  respecting  it  liai<,  in  my 
a,  been  due  to  tht;  circumstance,  that  those  who 
botli  the  ex pitri mental  and  the  logical  know- 
ledge necessary,  made  no  sufficiently  persistent  attempt  to 
determine  how  far  the  work  of  scientific  discovery  may  he 
reduced  to  an  art. 

To  «i>me  the  very  proposal  to  write  a  book  on  Hudi 
a  subject  may  upjx'ar   pruKumptuous  ;   and  even  amoqg 

utiGc  invcstigiitors  thcrf  are  those  who  consider  that 
|e  methods  of  discovery  are  incommunicable.  But  ori- 
ginal Bcientilio  research  is  cot  a  supernatural  operation. 
If  it  were,  it  would  not  be  possible  to  make  discoveries  by 
imean»  of  our  natural  faculties,  nor  to  communicate  them 

ordinary  means.  It  Ls  a  natural  process,  and,  being 
Mtch,  it  must  have  law«  accoidinfr  to  which  it  operates. 
It  is  effected  by  means  of  our  mental  powers,  and  is  there- 
fore subject  to  the  rules  of  mental  action,  and  i^  couiiqu- 
niuable  by  ordinary  natiu-al  methods.  It  U  also  being 
reduced, as  knowledge  a4lvancei^  to  rules  of  action,  and  will 
'-)  time  become  one  of  the  noblest  of  all  intellectual  em- 


It  is  well  known  that,  by  obcyinf;  the  law* 
of  Nature,  we  learn  how  to  employ  them ;  aad  by  studying 
the  principles  of  science,  and  the  action  of  the  hutnaa 
tniud  in  original  rcftearch,  we  may  reasonaUy  expect  to 
Iram  the  eawntial  conditiouu  upon  which  raccvSM  in  Ecicn- 
tific  discovery  depend*. 

Uitberta  the  nature  and  methoda  of  orij^nal  scientifie 
inqoiiy  have  been  insufficiently  studied,  and  Die  sucoeMl 
uhieTed  in  it  has,  therefore,  been  attribnted  too  much  M 
■ccidvnt,  to  strong  imxgiuatioo,  and  vxccptional  nntuml 
ability ;  and  too  little  to  the  let*  brilliunt  qualifications 
of  steady  thought,  self-derelopment,  industry,  and  perse- 
rentnce.  No  pretence,  however,  is  made  to  impart  by 
extraneous  aid  the  faculties  of  imaginntion  and  invention, 
and  the  quick  perception  of  difference  and  rcKombUncv. 
But  whilst  great  aptitudo  for  scientific  discovery  must,  like 
any  other  rare  and  ppcidiar  ability,  be  bom  in  the  man, 
it  is  oertAin  that  it  may,  like  those  other  natural  abilities, 
be  assisted  by  advice  and  developed  by  experience ;  and 
to  supply  such  advice  is  one  of  tlie  objects  of  this 
trttttse. 

It  miui  be  remembered  that  the  simple  or  qualitAtire 
dlscoveiy  of  new  liutlts  uMuilly  prc-cedes  quantitative  re- 
search, and  Kuch  Airthcr  research  mu»t  be  conducted 
nceording  to  logical  as  well  as  mathematical  ndcs.  Henee  | 
the  suggestions  and  remarks  of  the  following  treatise  will 
be  ulmcet  wholly  confined  to  the  logical  aspect  of  the 
BUliject. 

The  very  magnitude  of  the  subject  makes  it  impog- 
■ible  to  treat  it  thoroughly.     A  complete  treatise  would 
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have  included—  I.  Tho  tuitory  of  ibe  art  of  scientific  dis- 
oovi-ry,  including  all  tlicruriouHdiiwovcricK,  clirouolop^ically 
smoged.'  i.  Tbe  variouH  principles  of  ecteiice  upon  wblcli 
the  ait  is  Insed.'  3.  Tbe  practical  rules  and  metbods  in 
genemluse.  i.  Tbespecial  detailsof  tliemodesofrettearch 
in  pariicular  sciencea.  Dut,  in  tbe  fii^t  place,  the  bititaiy 
of  the  subject  hati  alrt-A<Iyl>een given  by  very  able  writvn; 
in  the  second,  I  liave  bevti  obliged  to  limit  myself  to 
({uolitutivc  diecovery,bec<iu£e  the  method  of  euch  discovery 
ie  tbo  boas  of  all  qimutitative  and  further  research  ;  and, 
in  the  third,  to  include  only  discovery  in  the  sciences  of 
Physios  and  Chemistry,  because  those  sciences  aiFord  the 
taoft  iiimple  examples  of  experimental  investigation,  and 
may  Ixr  accepted  us  simple  types  of  the  more  complex 
aod  concret4>  ones.  The  treatise,  therefore,  embraces  but 
a  small  portion  of  a  great  subject ;  it  consists  simply  of  a 
series  of  chapters,  all  of  them  written  more  or  less  with  I 
tlie  pmctJcal  view  of  aiding  students  in  pursuing  original 
icntific  inquiry.  For  the  history  and  philosophy  of  tlie 
abject  I  must  refer  the  reader  to  tbe  several  books  already 
named;  and  for  special  technical  details  of  working  he 
most  consult  books  on  the  several  sciences. 


<  Cuiuult  liwIeQ  Fowoll'a  Buierical  Vim  of  the  Progreu  qf  tike 
Seitnoi*-,  WIicwoH'*  Uitfurj/  nf  the  jHdwHvf  Saieium;  Drajiur^  /n- 
UUretvat  Dmelifintnt  of  Earajie ;  Tlu>m«oa'«  Ht«torl«s  of  Ulicinltuy 
•nd  of  the  Bojkl  Ijoclcty;  Itucklef't  A'Aort  BUtory  </  the  JViUvral 
Setetuef.Sm. 

•  Colurolt  ^VliQWcll's  Phiiaiophy  of  t>le  InJaMM  SeUncf*;  Hor- 
KChcl'i  DitCmiTKi  on  Ifataral  Philotopki/  ;  Jcvoiui'a  PrituipUt  t^  .'ieicaet \ 
ThomMn'K  lioxiBf  Tkmiskt;  Buiu  On  the  Seiufj  and  tie  InUtlMti 
■ad  tbe  ruious  woikti  ou  logic  wid  ibo  (UHvieut  KieacMk. 
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The  book  18  divided  into  five  psrte — the  first  coatai)i> 
idg  a  general  view  of  the  eul^ect;  the  second,  geoeml 
cooditions  of  scientific  reBearch  ;  the  third,  personal  pn- 
paration  for  rcseaich ;  the  fourth,  actual  working  in  the 
art;  and  the  lifUi,  varioiiii  special  methods  of  discovery, 
dftssified,  and  illustrated  liy  aiun«TOUB  examples.  I  have 
endeavoured  to  make  the  book  as  interesting  to  uod- 
scientific  persoiu  as  tho  nuture  of  the  subject  will  admit. 
I  have  also  inserted  remarks  and  su^estloss  which  will 
proliably  assist  young  investigators  in  disciplining  their 
mind^  for  the  avoidance  of  error,  although  tliose  reniark^ 
maj  not  atwap  bear  directly  upon  the  principal  object  of 
the  book. 

A»  there  i»  no  irabjeot  bo  fruitful  of  strife  an  the  <li»- 
cussion  of  tbuol<^cal  hypotheses,  1  bavo  avoided  as  much 
aa  poxxiblv  all  rcferenea  to  the  bcaringii  of  original  Hcien- 
ti&c  inquiry  upon  religious  opinionx.  There  euro,  however, 
nuioufi  truths  which  apply  both  to  Hcieiitific  and  religious 
Ttewe,  and  these  I  have  inserted  as  illustrations  of  state- 
mcmts  in  science.  As,  aUo,  I'arious  scientific  men  who 
have  asserted  that  the  actions  of  the  human  mind  are 
dependent  upon  law  have  had  such  assertions  treated  with 
d&belief  and  hostility,  I  have  adduo^d  some  of  the  evidence 
ilieady  existing  in  proof  of  such  statements.'  I  have  nho 
ehown  that  even  the  chief  rules  of  morality  are  bused  upon 
the  great  fundamental  principles  of  science,  especially 
upon  tliat  of  causation  ;  *  and  I  hope  that  other  tbinkorfl 
will  develop  this  great  truth  and  show  its  correctoees 


See  pEk  m-133. 


Sm  l>Bg«  &:ii. 


xii 


PBKrACl. 


and  importance.    It  is  by  the  pursuit,  discovt-ry,  and  prac 
tice  of  tnith  that  man  is  enabled  to  approach  the  Infinite 
Source  of  all  Truth  ;  and  they  who  understand  not  and  love 
not  tii(^  great  tnilhs  of  Niitiu^,  bo  for  imderst&nd  not  and 
love  not  the  Great  Source  of  thone  trutlis. 

Although  I  am  conscious  that  the  task  I  have  undtS^i 
taken  of  sketching  an  outline  of  a  second  Novum  Organon 
is  veiy  imperfectly  performed,  I  hope  that  this  essay  may 
be  not  only  of  some  value  to  students  who  wish  to  engage 
in  original  scientific  research,  but  aldo  of  interest  to 
actual  acieutific  investigators  and  philosophic  thinkers ; 
and  il  wonld,  I  consider,  hdp  the  progress  of  scientific 
discovery,  if  investigators  in  each  of  the  sciences  were  to 
publish  H  classified  and  illustrated  list  of  all  the  spfcial 
methods  of  discovery  employed  in  their  respective  subjects, 
such  as  I  have  in  these  pages  crudely  attempted  for  those 
of  Physics  and  Chemistry.  The  sciences  of  mathematics, 
ge(»netry,  crystal  logmphy,  mineralogy,  geology,  geography, 
meteorology,  physical  and  mental  physiology,  &c.,  lieiiig 
all  of  them  amenable  to  experimental  ob8er\'ation,  might 
be  advantageously  treated. 

A  great  many  historical  statements  are  made  in  tJiia 
book,  and  as  it  is  extremely  <lit^cidt,  if  not  impossible, 
to  ascertain  accurately  the  exact  date  and  oircumstanccn 
of  all  of  them,  it  is  probable  that,  notwithstanding  all  the 
care  I  have  taken,  some  may  he  incorrect;  I  therefore 
beg  the  especial  indulgence  of  my  readers  on  this  point, 
and  I  shall  feel  deeply  indebted  for  any  corrections  which 
may  be  su^eiited  to  me.  Many  remarks  which  do  not 
appear  to  be  immediately  related  to  the  subject  in  hand 
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air  practically  applied  Id  eulncquoDt  chnptore.  Ltietly,  as 
ft  ata(«meDt  is  umittlly  mon;  Ukely  to  bo  credited  if  it  be 
(apported  by  the  autbority  of  groat  or  ancii'Ot  nameB, 
1  bare  in  many  instanoea  prefened  to  inseit  tbe  opinionB 
of  others  in  confirmation  of  my  concliuiions  rather  tliaa 
state  my  own. 

My  bert  thankit  are  due  to  the  Rev.  Sir  Q.  W.  Cox, 
Bort^  for  vsumining  the  maniiitcript  and  coirectlDg  th« 
proof-ahoctit,  and  to  Professor  Jbvonk,  LL.D.,  F.I{.S.f  for 
Docrecting  a  portion  of  them.  Tbe  corrections  were 
copied  hj  toy  asaistant,  H.  W.  Brovm, 
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CHAPTER  I. 

UBMUAL  HATDBB  Ht  OMOtHAL  IK^IBKHFIC  RRSEARCIf. 


The  lairc  of  Natui-e  w  Ibo  tliougliU  of  Goil.—  OKKcTSr. 

A  grmt  [iroUetn,  trt:t  prcMiing  uprni  tnuikiDi], 

Ib,  liow  to  dJAcoTor  anil  a.^\Ay 

Til*  JiniueDM-  Um*«nie  of  TmUi  yet  unknown : 

Ttiiu  Ui  un<l(Tstitnd  ihe  Gnsii  Cuuso  of  all  Lliiii^, 

Au<i  harmotiue  our  octionii  with  it.     And  thtui 

Tbi-  filial  Mill  oT  all  orijpn*!  roseucli 

Is  Hk  improvemml  and  )H?rf<ciction  of  Matddnd. 

OuoDUL  Scientific  Besntrcb  aimB  at  tlie  ducovcry  of  ii*w 

'  atlw  of  natiin-,  and  the  elucidation  and  vxplauation  of 

u-umml  pbuDLiiiteiia,  bjr  meanii  of  experiments, observation, 

<v>aipari»oii,  and  reasoning.     Ii  is,  in  its  fii]lest  scope,  ud 

I   ilamt  lutlimitMl  Hubjecl,  twcuuse  it  includes  all  inrwtiga- 

^  tlMa  in  the  whole  of  the  aciences ;  aod  these  treat  of  th« 

!  a 
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«»tire  imiveriie  of  matter  ud<1  its  encrgiL-ie,  includinjr  mi 
and  its  prr>ci-!*v».'  It  is  also  very  cuinplei,  because  ti 
moclvti  of  operation  of  the  various  forces  are  numerouii  a: 
widely  difTLTi-iit,  and  arc  modified  iu  uU  diifcrcDt  su 
•laiice.''.  Science  claims  as  her  domaiu  for  investigati 
all  the  properties  and  actions  of  material  ^ubgtances,  i 
eluding  thosc^  of  tht;  hiiiuau  hrain,  the  at-tionn  of  ttenttatio: 
mind,  will,  and  imagination,  and  also  all  those  of  tb 
Tariouti  forms  of  uutiintl  energy,  imd  of  the  media  through 
which  they  oprrale,  inclnding  the  universal  ether,  which 
pervadt.'«  all  bodieii  and  nil  space ;  and  the  only  ultimate 
litnittf  of  aclentitic  rettearch  are  those  of  time,  epacv, 
iiiatt«r,  and  farce. 

Scii-iicc  is  the  interpretation  of  nature,  and  man  is  the 

^-iDterpreU^.     Original  research  is  the  chief  source  of  new 

[Bcientific  knowledge.     Its  iifeual   purpose  is  the  discovery 

fof  new  truths;  its  immediate  effects  are  to  extend  the 

honndariea  of  knowledge  and  remove  error,  supply  a  itouroe 

of  meiitiil  discipline  in  educatioa,  and  facte  for  coDvetsioa 

into  ]fMiM'tieal  inventions;  and  its  more  u1timat<^  rt^sulu 

I  are  to  enlarge  our   power  over  nature,  and  increase  tha 

happiness  of    mankind.      'Science  is  nothing  cW-  tluur 

tnan's   intellectual   representation  of  the   phenomena   of 

nature — his  conception  of  the  universe  in  the  midst  of 

.which  he  is  placed,'  and  the  function  of  a  ttciuntific  invesli- 

gatoT  is  to  discover  that  representation  and  order.     Kvery 

scientific  philosopher  wishes  to  know: — 'Wluit  are  tha 

fewest   assumptions,  which  being  granted,  the  order  of 

nature  as  it  exists  would  be  the  result?     What  are  the 

fewest  genera)  propositions  from  which  all  the  uniformities 

io  nature  could  bo  deduced  ? '  *     There  is  no  distinct  linfr 


■  Tfaroustoct  thia  book  I  Iroit  of  mlcd  nod  It*  procMW*,  not  . 
Mponl*  tiv>m,  bu;  lu  a  [sul  of  the  luiivcnN  Ar.d  lli  cDCfgics. 
•  J,  S.  MUL 


BtrrBULtCK   EErVBEN   tUSCOTKBT   AHD   I.NVBKIIOy. 

BepaiatioQ  telwofii  science  aad  ordinary  knowleiigi-; 
i1k  fiirnHT  is  but  an  ejttr-ii«ion  of  Uk  luttt-r,  jmij  lio  nim 
rejecto  w:i<!nGe  must  reject  all  natural  knovledge,  even  thai 
of  LIm-  eimplit^  and  cnidcft  kiud. 

Owing  li>  tilt!  (teeuliitr  churact^r  of  original  nrxcardi, 
the  meaning  of  piire  scientific  discovery  je  very  frequently 
tnUundr!r«toiMl ;  ono  of  llt<- most  commoD  tniMtitkcw  is  to 
^ctitifiiunri  it  writh  in^c-ntion.  The  former^  however,  ooa- 
^HjtAs  in  Gndbg  new  truths  of  naturv,  whilst  the  latter 
^wMisinI"  in  nppiyiu);  t.Iiost-  triitlm  lo  somft  dewn-d  purpose., 
I  One  wmilt  of  thiR  very  general  misconception  of  the  nature ' 
I  of  pure  research  is,  that  mini?  of  the  applicationii  for 
gTAittii  of  moni^y  wnt  t4>  il"^  Council  of  ihe  Koval  Society 
are  to  aid  the  development  of  inventions  or  to  promote 
schemes  of  a  vague  and  unsatisfactory  ciiaructcr.  Sueh 
MpplicutiiiRti  are  umially  Kent  liy  per.ions  nho  have  never 
made  a  sing^le  original  wiaitific  iovc^tigution,  aud  whofes 
ability  to  make  dlwo^-erics  \i  therefore  extremely  nn- 
certain.  Some  persfms  alao  claim  the  name  of  §c)entifio 
tovesti^torB,  wLo  invent  and  employ  secret  prooeMCS  ia 
toanufactoriea,  and  who  are  therefore  naonopolistii  of  know- 
ledj:^.  Many  other  fallacious  ideas  ariw  from  the  i>ame 
tuiM'mc<-pl  ioi). 

We  must  further  distinguish  between  experimental 
rwearch,  wliieh  Icsds  to  the  discovery  of  verifiable  truths 
of  the  bight»t  degree  of  owtainty,  and  those  kinds  of '  re- 
wurch '  which  result  in  opinions  only,  and  in  a  mtiltiplicity 
of  uncertain  ideag.  The  former  has  the  strongest  claim 
a{M>ti  our  attention,  tK-cau^c  the  holiest  occupation  of  matf ' 
it  the  nicct^Sffut  purstut  of  truth.  Persons  engaged  iu  the 
latter  kind  of '  research '  fi-equently  spend  their  lives  in — 

Letlifl);  down  biicl^«'»  imo  cmpl;  wolla, 
Andfjiowlr^  uli!  with  drawing  Dotliio^  <qi.~ f^w^m-. 
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nitll, 


nnd  forgi^  lli:il  nil   toon  are  not  oulj  morally  bound  t' 
lovo  nnd  st-ek  tba  truth,  Utt  to  take  tltc  inoit  rfffot^i 
in«an5  in  their  power  for  finilinK  it;  and,  thereforo, 
ciitli^'at«    iipe«nnllv   tbo«e  faculltesi    by   whicb    Intth 
detected.     'I'he  duty  of  socking  truth  ia  a  fundanion 
oni',  and  in»c[>iu:ibl«  Iron)  our  >.txist«*Qcv ;  it  is  a  debt  wi 
owe  in  retuni  for  the  bteseings  of  life. 

Without   iittrilmtinj^  any  undue   importance  to 
pinal  scimitilii!  r<?8t>arob,  it  may  Ijc  allirined  that  one 
the  most  perfect  ways  in  which  we  can  ^ow  ourolx-dJcU' 
to  the  Crtutor,  uiid  our  fot-liug  of  thankfulness  for  the 
Diimlifrlevs  blessings  we  enjoy,  is  to  develop  nvw  truth, 
and  thus  hand  down  u  liirgt-r  share  of  its  pood  rei^tdta 
oiu"  sucovssor?^      One  of  the  greateM  bt^iiosl)!  man 
make  to  his  fellow  mon,  is  a  discovery  of  a  great  gei 
truth.      DiscovcritfK  are   'living  waters'   frcah  from  the 
fountain  of  intelligence.     '  The  discoverieB  of  great  mei 
never  leave  lu;  (bey  are  immortal;    (hey  eontain  th 
cternul  truths  which  survive  the  sboek  of  empireii.* ' 

iNlany  persons   desire  io  ncquiri'  new  truth,  wi(Jiaw 
makin<;    the    necessary   self-sacrifice    to   obtain    it,  au 
^iearch  for  it   without    Ihc  ffuidunee  of  sufficient    know, 
ledge,  by  lookiut;  for  it  in  ideas  which  are  incapable 
demonstration,  or  which  are  not  yet  ripe  for  proof,  foT' 
getting  that  the  lov«  of  Irulh,  however  strong,  is  powti 
lees  to  enubW  us  to  find  it  in  such  cases.     .\nd  if  oulyone-' 
t«ath  of  the  human  encr^  which  is  continually  beiog 
ineffecrtually  i^spt^ndud  in  this  way,  and  iu  promulgating 
nnprovuble  hypotheses  as  settled  truths,  was  Juiiioiou«l}f 
employed,  the  will   of  God   in   nature  would   bn   muci 
more  quickly  discovered. 

Pure  science  appears  to  be  the  only  subjwrt  od  which 
all  persons  who  posses*  knowledge  think  alike,  because 

>  Buckle. 
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il  if  ilul  Vlnd  of  knowlerlge  wliicli  a(Iiiiit.->  of  tlv  liiglK-Ht 
p&.tl,  anil  a&  it  lipreads  Uirougb  the  minds  of  men,  so 
anifpnnity  of  bvliuf  exleud*,  and  the  Mpheru  of  strife 
lriBr«-n  iiinti  an<l  man  in  diroiui»lied.  In  this  w&v  origt- 
aU  sckntific  r«?warcb  is  contiuiially  piirlljinj;  ul)  our 
trliirfs,  uid  gradiiallj  Wdii^  \a  U>imrd  a  txitc  id<^a  of 
liir-  Creator,  and  lo  a  pure  religion  in  wluch  all  men  will 
tliiub  alike.  KnowUtlgi'  of  K-i<-n<:u  cDabli-«  us  lo  undiT- 
dand  mote  inlelUgentlv,  and  thta«fore  to  appreciate  moiv 
jiwllj  and  tnithfidly,  the  mode  of  af^ion  of  Ahoigbty 
oaaUol,  urea  in  the  miniiila^  «f  our  actions,  and  therefore 
abo  makes  onr  faith  le«a  blind  and  lets  erring. 

Science,  more  (Imn  anything  elw,  oaiws  us  to  be  obe- 
£eDt  to  law.  It  i>  rt-<:'>giittion  of  law  wltidi  di-itinj^uished 
(deiioe  fo>m  auperetition,  intelUgent  men  from  sava^^. 
Scientific  rwciinrh  i*  ft  true  vineyard,  in  wbii^Ii  a  man  may 
galhef  not  merely  the  uneertain  doctvinal  opinions  of  hie 
errinf;  fellow-men,  but  tlie  demonstrable  truths  of  nature, 
ur  as  OfTiited  calls  them,  '  the  thoughts  of  Ood."  The 
uccupation  of  H-iontitic  discovery,  also,  not  only  fiUs  a 
moo's  mind  with  the  most  certain  of  belit^fs,  viz^  those 
whirh  are  verifiable,  but  abo  enables  him  to  approach 
more  clowly  than  by  any  other  meuns  the  v«ty  source  of 
Irath  itM^lf,  by  exhibiting  to  him  the  processes  by  m«aiis 
tifwhii:h  the  sc«rct«  of  the  universe  are  penetrated.  If 
une  man  Is  luoro  competent  th.^n  aimther  to  jieroeive  the 
uture  of  the  great  source  of  truth,  or  to  claim  to  be  a 
h'-j}i  priest  of  truth  hearing  giHid  tidings  to  mankind,  it  is 
1,^  T'l  ivhom  new  truth  is  tirst  dieclosud,  and  through  whom 
H  is  vootihsafed  to  m. 

iNcientific  resoarch   iii   a   gr^t   indirect   regulator  of, 
tii"nility.   j\nd  indeed  it  might  be  proved  that  thejndicial 
determination  of  wluit  iii  right  and  good,  is  effected  by 
prcci>cly  tlie  same  mode  of  mental  action  as  ibat  which 


detenninci  whnt  is  triu;;  nnd,  therefore,  the  origin; 
Kiurce  of  moralitj  is  tho  Fame  as  thn^  of  tmtb.  By  tb< 
dtswovery  of  new  truMi,  tlio  si^iViirifii;  illv<.■^ti^to^ 
RTadually  enabling  mankind  to  approach  asd  imitate  the 
siiriiw  of  .ill  Triilli.  A«  tliv  (jro'itcitt  practical  rule  of 
rigiiteoiisiR'sji  is  to  try  our  utmost  to  make  the  iwst  use  of 
all  thi.'  powers  aud  opportunities  entnuted  to  us.  and  as 
extended  knowledge  is  neee«:*ary  in  order  to  enahlc  lis  to 
eftect  that  object,  so  far  is  science  gradually  proving  iteetf 
to  be  ti  b^is  of  true  rvli|rioa. 

Original  research,  however,  i»  not  a  science  ;  it,  ia  no( 
■  colloctioii  of  lawn.  It  is  an  art)  because  it  is  conipo-iei 
of  rulef  which  mu»t  b«  followed.  It  U  the  method  ol 
finding  new  truths  of  nature  by  means  of  study.  o1>^er^-a< 
tion,  travel,  ur  other  means.  The  nrt  of  n-sean-h  i»  basei 
upon  (lie  lawn  and  print-ipleR  of  natut'e,  and  upon  the  rel 
tioQs  of  the  human  mind  and  senses  to  the  external  worl< 
Nature  oil  the  one  liiiinl,  and  tho  hiiiniu)  fiiculiics  on  thi 
other,  are  the  only  agents  concerned  in  scientific  researcl 
(iriginal  discovery  has  its  origin  usually  in  the  love  of' 
knowledge  for  it*  own  wike,  and  in  a  desire  to  confer  its 
benefitit  upon  mankind. 

Scientific  research  dcnls  fearlessly,  not  only  with  things 
that  lie  bq^ODd  oiir  senses  and  observation,  but  also  with 
those  which  altogether  suqia^s  even   our  conception 
ima^nation;  *uch  as  I'litrcuiely  minute  and  iniinensel; 
great  magnitude?,  distances  and  velocities.     Who  can  con- 
ceive, for  ezuioplf,  the  minutenesn  of  the  At<iui«  of  mati 
00  the  one  hand,  or  the  magnitude  of  universal  spai*  no' 
the  other?     Who  can  even  imagine  the  distance  of  the 
(.'elefltial  nebidic,  llic  velocity  of  gravity  or  of  light, 
even  the  nnmhtT  of  molet-iiles,  which  has  I>een  ealculatvi 
in   l-e  about   100  million  million  million  millions,  in  * 
~:  ;  water. 
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Some  of  the  f^reatcst  and  mast  impenetrable  secret*  of 
ture  drt!  tniiile  ilii!  ^iilijtt^tji  of  t)ioii(;lit  hud  cznm illation 
■eientific  tareetigatora ;  but  many  of  the  objects  imught 
<  be  discovfTM)  iirc  ituattnJnable.  8omo  of  tti<-«G  objects 
'  absolutely  w,  and  otli^rs  are.  only  so  for  the  time  being 
til  ecicnce  lui»  Mufficicolly  advanced  in  other  depart- 

number  of  diMOveries  which  will  yet  be  made  ia 
,  yet  the  difficulty  of  making  a  single  good  one  i»  ex- 
iiDgly  great.  I'he  gmit  majority  of  discoveries  also 
'  small  ones,  and  only  a  few  can  he  very  important.  In 
iginal  rc*»rcb  weofUn  fancy  we  have  alighted  upon  a  ^ 
Bw  tniih,  but  on  the  further  application  of  suitable  test* 
find  that  it  vanivbcs.  Yet  wo  ought  never  to  despair. 
It  be  always  ready  to  abandon  the  most  cherished  ideas 
tbey  prove  to  be  crroueoitf,  aud  purciic  others  until  w« 
find  the  correet  one.  Multitudee  of  new  truths  which 
ought  bo  found  at  the  present  time,  remain  unknown 
becauM!  we  have  not  taken  the  trouble  to  search  for  them ; 
but  by  &r  the  greatest  number,  and  probably  the  mo«i 
importunt,  n>ioniii  swindled  from  vivw  Inxuuuii:  the  epoch 
for  evolving  them  has  not  yet  arrived,  and  because  the 
conditions  and  metliudi>  of  uuiKing  tliem  have  not  yet 
themselves  been  discovered  nr  invented.  The  time,  how- 
ever, u  rapidly  coming  when  all  the  civilised  nationx  of 
eftrth  must  unite  together  to  anek  new  trutli  in  all 
simple  Bciencee,  n*  a  number  of  them  have  already 
in  the    subject*!  of  astronomy,   inettiorology,   and 

There  i»  no  royal  roiwl  to  discovwy.  The  finding  of 
nen  witutifio  tnitbs  h  a  tentative  procei>i^  and  no  man 
em  unerringly  divine  the  secrets  of  nature.     Scieutifio 

srch  i*  surrounded  by  ditTiciiltii*)'  of  nearly  every  kind, 
re<iu)ft!dt  a  special  training — both  of  the  mind  and 


I 


8        0E9BIIAL  TIXW   Aim   ftAStS  OF  ^CtEXTtnC   KBSrABCH. 

bod; — for  its  siiccvivfiil  pumiit.  The  inveirtigiitor  mtwt 
poseeiw  n  Kii^ntific  hai>it  of  thought:  hia  mind  must  be 
stored  with  the  chief  fiicts  and  priiwijilc*  of  fcieocv ;  ht* 
miut  bv  Ml--  to  imagine,  invent,  manipulate,  ob»erv«, 
compare,  and  reason. 

Original  Mriciitific  r<»>nrch  consumes  a  very  liurge 
amount  of  time,  and  in  ecme  cases  is  lilw  attended  by 
considerable  expense.  Since  much  of  the  lalxmr  of  re- 
Keurdi  )»  iU.io  only  tentative,  many  of  tiie  earliest  resiUtii 
obtained  in  an  investigation  are  imperfect  and  erroneoua; 
and  thiw  th«>  ^jiiantity  of  new  knowledge  obt*ioed,  uvea  by 
the  moat  successful  investigator,  is  very  small  in  propor- 
tion to  the  amount  of  time  and  labour  cxpcndetl.  But 
the  value  of  even  a  small  amount  of  new  knowledge  is 
great,  because  a  new  truth  in  science  is  a  truth  for  ever. 
The  discovery  of  negative  triitlia  filsu  posst-ifttwj  a  value. 
'  It  ia  hy  effort*  which,  being  successive,  require  time ;  by 
the  gradual  n-jcclion  of  error*,  and  discovery  of  new  i 
truths;  Viy  the  comhined  attempts  at  forming  and  ]»r- 
fectinga  techuiciil  vocabulary  and  a  philosophical  arrange- 
ment, that  Kcifni»:3  are  advanced.  Hence  trnlh  may, 
witJi  Itacon,  be  called  the  daughter  of  Time  rather  than 
of  Authority.' ' 

The  processes  which  lead  to  scientific  discovery  mo 
chiefly  of  a  mental  character.  Rnfcnrch  is  a  wrestling 
wiLli  niittu«,  a  Mtriving  towards  the  limits  of  attuiniible 
knowledge.  In  some  subjecta  it  lies  largely  in  physical 
maniptilatiou  nw;wt»;try  for  the  puri)o.<e  of  testing  hypo- 
thetical or  imaginary  questions,  respecting  matter  and 
ita  forces.  In  mathematics  it  von&i«tK  nearly  wholly  of 
mei)t.it  operations,  with  comparatively  little  physical  1 
labonr ;   in   geography,  on   Uic  other   Imud,   it   conusts 
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bI*  of  the  physical  labour  of  travelling; ;  iu  th«  vwriou« 
icv»  i'i  nK-vlitioicK,  h'.iil,  liglit,  clcolrifily,  magnetism, 
«^emif<lnr,  and  phrsiology,  it  geiiemlly  consisti)  of  okser- 
itiou,  BtutiT,  bik)  expf^'TiuuMit  ID  vitricd  proportions ;  in 
xk  ficiruCf*  of  ii>ln>ii(iiiiy,  mt-tiiorcilogy,  and  gt^>li'gy  it 
lies  chiefly  in  obsen'ation  and  Htiuly,  with  but  cotnpara- 
tivriy  litllf  fjtjwriipciit.  Ill  all  tlic«!  (■««,•»  the  raieatititt 
tavcf-ti^tor  continually  forgets  tbe  things  wbich  are  be- 
hind, uul  rt'uches  forth  unto  ihow  which  are  liefora. 

DiM-)iV(-r\  consiiiLi  id  pa.-Miii^  from  th«  known  to  tho 
iinlinoirn.  We  pass  from  the  known  to  the  luiknown  in 
Ihc  foUuvring  com;*: — 1,  \VTien  wc  perceive  a  new  impm» 
siiiu  :  the  uian  who  first  •<aw  a  bit  of  native  gold,  or  felt 
an  electric  ipArk,  made  n  diMcoverj'.  '2.  When  wu  obfcr^c 
a.  new  fact ;  an  Galileo,  when  he  first  oliser\'ed  tha  moons 
if  Jupiter.  3.  When  we  compare  two  ideas,  and  observe 
new  similarity  or  ditlcrencc ;  as  he  who  fir»t  noticed 
that  slee)  afi  nell  as  loadstone  was  capable  of  retaining 
4.  Wn-n  we  compBi-e  two  propositionis  and, 
roeiving  a  similarity  or  ditl'ereuce,  infer  a  new  tnith. 
When  we  divide  or  analyse  a  compound  idea,  and  per- 
ive  a  new  and  mote  elrmentary  one.  K.  When  we  coin- 
ine  two  or  more  idesis  toi^ether  by  an  act  of  imagination, 
«imI  perceive  a  new  combination.  And  7.  When  we  per- 
m(itat«  or  alter  the  order  of  a  xeries  of  idea»,  and  perceive 
a  new  iiarmooiouii  order. 

BoUi  itcience  and  art  are  involvitd  in  discovery:  science 
ill  the  principles  which  govern  it.  and  art  in  it»  practice. 
That  t«icfititic  difcover%'  i*  rcnlly  an  art  and  not  wholly  a 
gift  of  nature  to  men  of  geniiw,  in  [)n>ved  by  the  fiict  that 
it  may  be  largely  reduced  to  a  sjctem  of  practical  rules 
and  meiho<U,  and  also  b(Mrau»e  xicill  in  it  is  increai^  by 
education  and  by  practice  of  those  niles. 

It   is   the  mofit  highly  intellectual   of  ali   the  artf. 
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htcatifie  H  requirefl  an  unii:itial  degree  of  inv<>nttonf  inuijp- 
nation,  and  rc-asoningf  power,  and  because  ita  requircineaU 
and  iin!tlii>d<  are  cstromi-ly  varicil  and  luiun-rotu' ;  it  i» 
probably,  also,  the  most  difficult,  because  the  diiwovery  of  | 
new  knowledge  i*,  of  all  iict^,  tlic  mo»t  allied  to  cresttoD. 
Th«  ancients  classed  inventors  with  gods. 

All  discoverk'S  relate  either  to  new  phenomena  or  to\ 
new    rrlutioni'    of   old  plKinomitna ;  and  nearly  all  those' 
in  phvsica  and  chemistry  involve  a  neceasity  of  placing  j 
material  sulntances  undi;r  new  conditions  and  ob««rvin^ 
the  effect.     Oiscovery  in  science  may  lie  more  or  less  ex- 
tcuHve— it  may  conMHt  in  tindini;  some  unimporUiut  fact, 
or  in  the  Inliorioiis  unravelling  and  verification  of  the 
action  of  an  extensive  law  or  priuciplE  ;  but  in  either  aun 
it  ooui'i.it.')  in  obtaining  a  cli-Jir  view  of  a  naturni  truth 
hitherto  uneeen  or  unrecognised. 

Th(T<(  h  a  considerable  d«grce  of  pleiiKurc  to  an  lo-  ■ 
telligent  mind  in  the  act  or  procesui  of  making  a  dixoovery, , 
especially  if  the  discovery  is  important  in  itself,  or  if  It 
in   siniugis  rtriking,   or   liejuitit'iil.     .According    t"   Lord 
Brougham,  '  there  is  a  positive  pleasure  in  knowing  what 
wc  did  not  know  before,  especially  if  it  excites  our  wonder, 
iiurpri»e,  or  admiration.'     Each  new  diftcov«ry  also  excit««j 
a  feeling  of  strength  because  it  adds  to  our  posseestona 
of   knowledge,  and   knowledge   i*   eijuivaleut  U>  mental  | 
power. 

Kepler  was  astonished  and  delighted  when  he  di»-^ 
covereil  tlie  law  that  *  the  s(|iuirf-!«  of  the  periodic  timed  of ' 
liie  planets  are  proportional  to  the  cubes  of  their  distances  j 
from  the  *nn.'  Cuvicr,  tlie  great  com pii rati vi;  anntomixtJ 
ami  osteologist,  speaking  of  his  study  of  bones  and] 
nnimals  said:  'At  the  voice  of  eomjarat iv«  nnatomyj 
each  bone,  each  fragment,  regained  it«  place.  I  cannoi] 
describe  the  pleasure  I  felt  in  dtidin<;  that  as  I  discovered  J 
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l)nt^  cliiinioter  all  lU  I'OiiKCTpitrtiopf  wori*  gnidiuiliv  hroiigltl 
lo  liglii^iJie  feel  aj^eeii  with  Uie  hUtory  loW  by  tbe 
tv«lb  ;  tli«  bow9  vi  the  k-{f»  Mid  tlii'i^bs,  uiid  tliosc  puts 
hicb  ooglit  U>  unite  ibimi,  agrt-t-il  wiib  eati^b  utber  ;  in  a 
ord,  CHcb  one  of  tbe  spet-ien  sprang  from  iu  own  frag- 
mvnl:<.'  Thi)  bmtlicr  of  Sir  Hiimpbry  Davy  R»lcict< : 
*  iHvy's  ij>>ligbt  when  he  saw  the  minute  sbiDiog  ginbuie* 
(of  p<it»s''ium)  burst  tbrouyb  the  cntst  of  putiMh  ami  tiikv 
fire  ad  tliey  reached  tiw  air,  was  »o  gieat  that  h«  could 
Hot  eoDtain  bi«  joy;  ho  actually  lioimded  about  ttut  room 
ill  cotnric  iJ<-li^hL' 

Part  of  the  pleasure  of  diacoveiy  coosists  in  tbe  per- 
ptiuu  of  WW  »imilarilif8  nuti  iliffcTBUcei!,  contnu)icttoii», 
intellectual   ditlu.'ultie!t ;   the  acquisition  of  new  in- 
tellectual and  individual  power  by  tlio  redtictioD  of  the 
mkiKiwii  to  tile  known.     Part  ul»o  (!0«Kint»  in  tlie  nul'- 
ility  of  the  occupation  to  the  indiWdual;  tbe  pleasures 
activity,  of  puniuiti  of  anticipution,  of  «uc«ok  ;   tbe 
m  iif  mvHtery,  and  liw^  excitement  of  unci^rlainly  as 
what  will  come  next ;  and  tbe  anticipated  value  of  the 

result. 
But  (lie  punnit  of  pure  Aeienct>  ih  not  wlmlly  {tk-juiiinr. 
The  diffic'uhiett  and  the  discouragements  in  such  a  |Miraint 
y  be  fairly  nid  to  exceerl  ibat  of  every  other,  and  are 
tli«  total  90  great  that  hardly  a  man  in  a  million  i« 
Iwlly  devutcfl  to  it.  Tbe  obviactcs  are  \-arious,  and  con- 
it  bn^y ;  of  the  great  preparation  of  mind  required ; 
t  great  difGciiIty  of  attaining  even  a  modeiate  amount 
Hf  fiucceu;  the  aljM-ncc  of  piTuniury  rcmuucrution  IW  euch 
talMur,  and  the  couitequent  impoaubility  of  obUtining  « 
living  by  it*  ineaiis;  the  ignorance  of  nearly  all  perv>n.-t 
respecting  tbe  utility  of  the  occupation,  and  the  coiw*- 
qtwnt  absence  of  appreciation,  ^mpatby,  and  eucourage- 
nent.    In  addition  to  these,  considerable  seclusioD  from 
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•ooivty  ist  often  nece^nfT  in  nrcler  tx)  eitRure  «uccm«.  '  The 
intelleuttinl  life  ia  satnstim«!)  a  fdirfuUy  solitary  one. 
t'niciw  hv  livfji  in  ii  griiit  cii[>itiil,  llx-mau  de^'olvd  U>  tliat 
life  id  more  than  all  other  men  liable  to  suffer  from  isola- 
tion, to  feel  utterly  alone  bencatli  tlii;  dcaliicAS  of  space 
and  thv  xUoncv  of  th»  sr^ir^' ' 

It  is  not  one  band  or  cbiss  of  men,  however,  but  all 
mankind  who,  in  wUb-iy  diffi-r<-nt  di-jjrctrt,  either  directly 
or  indirBctly.  willingly  or  unwillingly,  promote  scientilic 
discovery.  Tliu  {{rcut  cauac  of  all  thin^  it  a  rcsi^k-sa 
power,  and  eoinpels  even  the  mo«t  unwilling  and  anti- 
tutentilic  pet^ons  unconteioti^ly  to  assist  in  the  general 
devdopineiit  nnd  progre^  of  manlcind,  and  thiiH  indiriectly 
to  promote  tJje  discovery  of  new  tnith.  The  man  of  biiai- 
ness,  workiufj  chiefly  for  money,  requires  the  aid  of  science 
ia  getting  that  money.  Ht'  neek^  the  aMiiHtanee  of  new 
invention^  and  they  can  often  only  be  made  by  the  aid  of 
original  knowlcd^rv  aixl  n-xearoh ;  he  constantly  um-s  tht; 
£t«am-eDgine,  tlie  telegraph,  chemical  .inaly^»,  and  » 
multitude  of  other  appliances  based  upon  the  discoveriea 
of  xcieiilitic  men."  The  theologian,  often  lamenlalily 
ignorant  of  the  laws  of  creative  power,  painfully  aUmned 
at  the  encroiiclimentJt  of  nfw  knowledgt!  upi>n  bis  domain 
of  dogmatism,  sooner  or  later  adapts  bis  views  to  the  cur- 
rent of  new  thought  developed  by  new  truths.  If  he  doi^ 
not  ndmit  the  recent  eonelM»ions  of  Uarwin,  h«  at  Iea»t 
admits  those  of  Newton — not  two  centuries  old  ;  and  if  he 
will  not  )>e  a  pioneer  of  newly  discovered  tnilhs  of  tfae 

'   nr  Jatf.tlf1«a.l  I.i/r,  by  IlnRK^on,  p.  iZ'i. 

Vtit  a  vprf  ibit'tpitin^  iiuiliince  of  une  of  Iht  waya  io  which  cmi* 
DMit  nMD  of  •cimw  aie,  hj  iha  iwy  torco  and  vigour  of  \iuAT  iniel. 
lretiutlfnfts,tiMiipor«>1ij(ll>qiialilUd  for  niooea*  In  t»hIonftble  socleljr, 
■cc  ilomiTlijii.  Thr  fittfllrctoat  lA/e,  pp.  I IV  iumI  1)10. 

■  ■  NHtlonnl  Importance  of  lidcntilk  Ucecuich,'  n'MtmiH^tr  Its- 
pine,  Apdl,  1873. 
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r  /'  .  Ijc  sounoror  Inter  tjvcoincs  a  foltowor  iu  thi*  camp 
. -.  If  he  ruitke^  aiserliuna  whicb  vrill  not  Itear 
the  UgUt  of  Ecientific  cvid«DC«,  philosophic  investigators 
know  tluit  inviiL-ilacquiesoenccf  io  such  caacs  iitonlyaqiu^- 
liiiu  of  lime.  That  professors  of  icli^on  are  gradually 
foUing  iato  the  ranks  of  Kcic-uce,  ii  voudpicuously  raiini- 
fiatled  (D  many  ways.  I(  might  eaiuly  be  eltuvn  that  not 
ool;  tbeje,  but  all  other  chuveg  of  penoom  are  *»>inprUed 
bf  the  gntil  Iuwk  whieli  d«tentiiii«  biuuan  progresfl  ta 
promote  indirectly  the  dtHcovery  of  new  truth. 

*  To  whom  arc  w«  to  nsrribv  tJic  chief  mmt  of  u  suc- 
ctMKful  and  ptm'ticaJ  invention  ?  Is  it  to  the  philosopher 
who  sugu^eeted  in  a  misty  futuro  somo  visionary  project  ?_ 
Is  it  to  iiu-  rnginvcT  who  rviidtrii  the  atnliuct  coiicrvta: 
tb«  drrjiii  a  reality  ?  Is  it  to  the  financier  or  commercial 
man  who  risks  his  fortune  ou  Ills  foresight,  and  on  hiftj 
estimati-  of  the  value  of  tltu  philosophical  ide^-i  iiml  nf  tt 
cogiumr V  skill  and  practice  'f     In  all  these  applications  of 

ence  to  practice  tlK-sv  tbrcc  characters  arc  iuvoKod. 
o,  for  iti>tance,  tele)2;rtphy.  We  have  here  the  dream 
irf  Somnwring.  of  Scbilting ;  we  have  the  geoiua  of  Wbeat- 
etoD<-  and  of  St'niiliuil.  On  the  other  band,  wc  hare  the 
pniL-lJL'al  enterprise  of  Cooke,  of  ^lorite,  and  Siemens.  We 
b.tve  again  the  tinancial  fon^sight  of  men  who  are  Iitt 
Jcnown — Ricardo,  Bidder,  Weber,  of  the  great  railway^ 
dampantes  of  this  country,  of  the  Government,  and  of  tlie 
Qoveniments  of  Euixipe — all  of  irboru   have   lent   their 

lislanof!  in  establishing  telegraphy  on  it^  prcMDt  great 
Take,  again,  one  of  the  grc:itc«t  branches  of  tcle- 
—  Kubmarine  telegraphy.'  'The  gn-at  gcniua, 
tstone,  as  early  as  the  year  1839,  I  think,  fonned 
thf  idea  of  a  cftMe  connecting  England  with  France.  The 
pnius  of  Faraday  and  the  skill  of  Siemens  *u«:<H-ded  in 
making  submarine  cables  practicable ;  but  it  was  the  fore- 
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^ifflit  of  Crampton,  of  Carmicbael,  and  others  who  luc 
wwlcd  ill  n-iwlt-ring  ibw  project  siicccBsful ;  so  that  we  se 
in  ail  brauoheH  of  telegraphy  the  philnsoplier,  the  vnj^inviT^ 
and  the  commercial  mao  must  take  their  fair  share  of 
credit.'' 

'The  wonder  is  not  so  much  Ihtit,  when  the  humai 
mind  it  bmt  on  any  particular  discovery,  impiovementi 
tut:  so  rapid,  Imt  that  in  the  la»t  preceding  century  tliej 
were  90  slow.     It  Is  to  be  hoped  that,  as  timo  goes  on,  iht 
rate  of  discovery,  rapid  as  it  is  at  present,  will  be  Ktilll 
furtlicr  int'r«i*Lii.     Tbirre  was  no  wunt  of  penins,  no  nrant 
of  scientific  means  for  improvement  in  material  things  ;1 
it  was  want  of  opportunity  and  want  of  int^reHt  in  the] 
general   public  which  stood   in   the  way.     Tliat  want  ofj 
interest  has  now  %-aDiehed  ;  the  world  at  large  now  taking 
interest  in  wbal  would  luivr  Iwen  formerly  considered  tery ' 
recondite  researches.     All  are  eager  ami  iiuxiotis  to  hviro 
something,  if  but  little,  of  various  sciences,  and  to  learn 
Itiat  littlt!  well.     Thi>  favour  with  wliieh  the  public  take 
up  these  things  reacts  on  scientific  men  themaelres.    Kavh . 
is  anxious  to  do  sometliing  in  his  vociitlon,  and  la  onlj 
baffled  by  finding  thati  however  early  he  may  have  hceal 
in  the  field,  someone  else,  either  at  home  or  abroad,  hs 
for<*taIled  him.'* 


>  Adilrcn  hj  Mr.  Precoe.  Conf cf cdoch ;  S^eoial  Scl«iill£e  Loanj 
Colleolion,  Luiidun,  1876. 

■  AOilmiA  by  K«v.  K.  1Ia!ii,  F.ILS.  Speuid  Soieiitific  Loon  CoU«e-J 
tloD,  London,  ISTS. 
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CHAPTER    ir. 

VXATTAnCABLR   OBJECTS  OF   «X.tBCU. 


„ e*8  notliing  siiuate  unilcr  Hunwn's  ey*, 

Bot  hittli  iU  bouii<l  in  mrlli,  ui  hu,  or  sky. — SSAKSrCA&E. 

It  is   uselws  to  ifMUch    for  that,   which    caDnot    exit>t. 
Although  we  know  but  little  of  the  actual  limits  of  poH- 

LNihle  knowl«lKt!<  thcrv  nre  s'lguf  Ihiit  nutvirv  is  not  ia 
every  rcxixTCt  infiiiiie.  It  iii  hi^Iily  probable  t.hut  tW^ 
Dumher  of  formB  of  energy  and  of  ele^ucutary  subetnnctii 
is  Umtto].  Al  the  [in-^nit  time  we  are  only  m-i|uainteil 
with  leai  than  a  dozen  of  tlio  former  and  six  dozen  of  llic 
latter.  Ek'inciitAry  »uh)(t;uio(-$  aUo  do  not  uniti-  to^rether 
lo  every  proportion  by  weight,  but  only  in  certain  definite 
[Boes,  and  do  uol  produce  an  unlimited  scries  of  com- 
pouDds.  Tliere  appear  to  be  laws  operating  in  the  inmost 
antiire  of  elementary  bodies,  which  prevent  the  atom* 
uuiling  with  each  other,  rxi.-t:pt  in  ovrUiin  ilcfinit«  arrange- 
meiit«  or  groups,  as  if  all  other  arrungemenUi  vh-k  geo- 
inetjicaUy  or  mechanically  impossible.  The  number  of 
forms  in  which  eadi  wHlwtanw!  cryi^ulliNfi!  is  also  very 
limited ;  common  ^t,  for  eiample,  crVAtJilIiiu-ti  only  iu 
cubes.  Hut  who,  with  a  finite  mind,  shall  set  a  limit  to 
creative  power,  or  assign  bounds  t4>  the  Univcnw  ?  Ours 
M  the  science  of  this  globe  ulonc,  and  consequently  of  itri 
limited  conditions.  Nearly  all  the  in«tauci's  of  definite 
chemical  compounds  with  which  we  are  acK|uainted  are 
obiene^l  under  tlie  limited  niiigi'«  of  pressure  and  tempe- 
latun',  &c.,  existing  on  this  earth  ;  and  it  is  possihle  and 
even  probable  tlial  under  diffcrcat  rangetf  of  presstue  Uni 
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temperature,  such  as  may  now  prevuil  ia  otlier  parts  of  the 
universe,  a  grent  number  of  new  compoim<ls  would 
capable  of  existinjj.  W'c  already  possess  evidence  of  this  it 
the  fact  that  under  the  iiilliK-ixrr  of  gri'at  [nxyt«urc  or  a  lowl 
temperature,  new  compounds,  such  as  the  various  cryohj-l 
ditttc^  also  ammonium,  imd  hydrate  of  ohlorine,  ttaj  be-l 
obtained,  and  such  additional  l>odieii  would  add  to  thttl 
number  of  posdbip  compoimds.     But  the  few  additional 
iostaoces  of  this  kind  willi  which  wr  itrc  at  prwcnt  ac-J 
quainted  also  conform  to,  and  therefore  confirui,  the  Liw-] 
that  ulemeatary   boHi^M    only   unit*;   in   certain   definite  I 
atomic  proptirtions  by  weight,  and  do  not  unite  in  the ' 
proport  ioD»  of  fractious  of  their  atotolc  wvight^i  to  form  an 
ualimit«d  number  of  compounds.     The  speilroscop«  hasi 
jihovn  us  that  various  substances  in  the  elementary  state, 
and  probably  g«om«  new  elementiiry  sulHitAUccs,  vsi^t  io 
the  more  intensely  heated  heuvenly  bodies ;  hut  neither  It  I 
Dor  any  other  instrument  hoe  yet  suppliod  us  with  evi- 
denco  of  the  vniiilfueK  of  new  compounds  in  the  <vlder 
partit  of  the  universe.     Not  only  does  it  appear  highly 
improbable   that  an   unlimiied  variety  of  collocatious   of 
diflcrvut  atoms,  united  to  form  different  substances,  can 
exist;  hut  many  combinations  and  ammgements  of  fbroea 

incompatible,  and  cannot  eo-enist.     From  thesrc  con-. 

ktion^  therefore,  there  is  probably  a  limit  to  the 
number  of  natural  cxist'Cnco',  whether  of  forces,  tnh^i 
stances,  or  their  phenomena,  within  reach  of  onr  obaeiTa- 
tjon,  and  consequently  also  to  the  amount  of  poeaible 
knowledge  respecting  thi^m.  The  number  of  laws  also 
which  govern  a  6nite  number  of  substances  or  forces 
must  themselves  bo  finite.  There  are  also  Htatc'menta  in 
logic  which  are  contradictory ;  mathematical  quantities 
-hich  are  impoBji>;le ;  geometrical  conditions  which  are  in- 
■t-banical  arraiieeiaciat»   which  arc    self- 


SBARcniso  roB  ra««unBLE  thimos. 


17 


*nii'tivc,and  phvsical  pnipprties  and  inotJODS  irbich  aro 
i>Kn{aU)>le.  Hauy  iitat«meQla  of  fact  also  do  not  admit 
Uiirgrw ;  for  tn^tunc-,  a  MiilbElancc  vithcr  esisU  or  it  dot'^ 
ML  Aci-ordiiif;  to  the  principlfA  of  geometry,  there  can- 
1  exist  mor<>  thau  Bv<.-  ro^iilur  oolidx. 
Vt  do  not  cr«al«  lan.n,  nor  can  we  command  new 
J,  except  those  which  ar«  in  burmony  with  the  prin- 
(of  natuiv.  .Strti-ntific  n^seardi  or  geniiw,  thoixtfore, 
er«ate '  new  tmths ;  it  can  only  discover  such  as 
•»  is  perfect  nccordiince  with  the  Uw^  of  iriattcr  and  its 
tWii.  It  i*  eRsentia]ly  truthful,  and  cannot  verify  otir 
ti;j»tlieees  unless  they  aro  tnie. 

We  mufit,  howvv<T,  carefully  distinguitih  Wtwwn  the 
rtibnen  supplied  by  the  reaults  of  re^arch  and  the 
otstmliont,  coiiiparimnv,  and  conclusions  to  he  drawn 
fiwD  thtsa.  The  former  may  be  true,  but  the  lattitr  may 
bF«rroneous,  Trulli  i*  that  w)iich  U,  and  no  matter  how 
ntniordiiMry  truth  may  appear,  our  thought  muKl  he 
BMfe  to  agree  with  it.  The  knowledge  which  wc  acquire 
liy  rwcarcli  in  ihit  phroicul  and  clicmfcal  xcicnw*, 
il&iugh  it  may,  so  far  as  it  goes,  in  ino.>it  cases  be  tho- 
nU|{bly  trusted  as  to  matters  of  qualitative  t'uot,  is  always 
fawunpktff  and  qicintitatively  inexact.  More  always  n>- 
nifts  la  be  known,  and  that  which  ia  known  poesesws 
«lj  a  finite  degree  of  precision.  This  ariti«'s  from  the 
atrrmcly  liiniled  power  of  our  faculties  and  meauK  of 
Alectton  and  obsen'stion,  and  our  present  incapability 
to  «ppreeiate  aijwolute  accuracy.  As  thr  analogies  and 
tODtlusionti  we  draw  from  research  and  experience  are 
■netimes  erroncon»,  wo  are  frequently  led  by  them  to 
for  thing*  whith  cannot  fx'isl.  Every  scientjfie 
'  ^jator  haa  hia  own  notions  of  what  is  impossible ; 

.  -v-e  IhfM  vriffd  in  ui  *I»aliit«  ictuc,  vtK.  U>  farm  out  ot  cothinf:. 
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^^  hilt  thrri^  nr«  several  olijecti*  of  s^areb  which  are  regarded 
^^  SB  eiich  by  most  men  of  science;  amotij^st  tbeee  may  W 
^H  tnentionod  pcrpctiinl  motion,  tbc  crcstion  or  d^ iilruction  nf 
^H  matter.  energVt  Ac.  But  how  are  we  to  judge  of  what  is 
^V  aboultitcly  impiMsiblc,  and  what  i^  not  ?  As  our  mi)ioninif_ 
faculty  t»  fiiiile,  and  we  have  therefore  uo  infalliHe  guic 
our  best  course  ie  to  consider  tho^e  object*;  of  licarch  im- 
[)OW!iiblc  which  (iistiiictly  contradict  »ny  of  what  ar 
tenned  the  fiindamental  *  laws  of  thought,' '  or  those 
Ncit-nct'.  A  fhin^  cither  is  or  is  not.  That  which  is,  ie 
^^  That  only  which  fxiiits,  or  whit-h  is  piKsiW^  to  exist  il 
^H  accordance  with  the  essential  nnture  of  thing^s,  can 
^^  (iincovered,  A  self-contradictory  statement,  such  ns  tliat" 
I  which  \»  i»  not,  or  the  largest  planets  are  the  smallest, 

I  cannot  be  troe.     Two  contradictory  statements  or  hyj 

I  tlieaos  uho  cannot  both  l>e  true.     A  whole  iit  j^reuter  thti 

^^  its  part.  Things  equal  to  tbe  same  are  equal  to  eacl 
^H  otliiT.  There  can  be  no  wquare  root  to  a  negative  quai 
^H  tity,  A  fig\ire  which  posi^esses  three  eqiLil  sides  fang 
^H  have  three  equal  augles.  A  ^b^tanee  cannot  be  and  not 
^H  be  at  the  Mime  time  in  the  Kami;  place.  Erery  effe 
^^  jnu*t  have  a  cause.  We  cannot  create  or  deetroy  eitfc 
matter  or  energy.  Action  and  reaction  are  equal  at 
contrary.  Two  mutually  destructive  actions  cannot 
exist.  A  body  cannot  be  moviufr  in  o|)posite  directioi 
at  the  same  time,  &c.  All  of  1he«e  are  fimdament 
»tatement«,  tbe  contrary  of  which  are  considered  absr 
lutely  untrue  and  impossible  by  all  ticientitic  men.  Ax  ui 
approximation,  tliercforr,  to  a  criterion  of  *cit-ntific  truth| 
we  may  say,  it  is  that  which  does  not  contradict  any 
vbat  are  termed  tbe  fundamental  *Iaw«  of  thought' 

'  See  H(Kil*'#  iMtei  1/  Thinight ;  Jmini'N  PrinMpleiif  Seianef,  »ol, 
p,t;  TboiDRxi's  Ovtliw  ^  tAo  Laieno/  TS«vg>it.     C«m\»n  al«> 
eliaptw  on  '  Tbe  Cr1t«tla  ol  Scientific  Troth.' 


jiriiicijilr*  of  tlie  scicnce-s.  Tliprt-  was  a  time  when  many 
of  lin^sf  (Tuth*  W-Tt!  n«t  kuown,  but  as  H-JMioe  adviinix* 
we  become  aoqiiainted  with  a  ("reater  ntimber  of  it* 
ftxtomx  aiid  Iiiws,  and  unirnrmity  of  Wirf  on  ftiiiflAiiionttil 
|ioiul«  eDlarges  aL'w.  Neither  oiir  kiiowli^ige  nor  (mr 
scruracjr  in  ««i«nce  is  intuitive ;  thoy  botU  ar«  results  of 
txperiaice  aixl  educatioti.  In  ooDiiequc^nce  of  liruiUui 
knowledge  and  iiislruction,  the  humau  mind  can  think 
erronponsiy,  and  ofl«n  doea  so,  bnt  tJie  t<>ndency  to  tlnnk 
faU«l7  in  natural  subjects  diminishefi  as  edncalian  ad- 
ranco*.  Erroncoim  pnipo!»itiona  which  wvTb  fonnprly 
'b«li«vcd,  become  alisurd  and  almwt  unthinkable  by  tJie 
progrws  of  science.  Tli«re  wan  a  time  when  men  thought 
tliai  tlxr  t!»rth  waa  a  plane,  that  the  «un  and  planetx 
re\-olved  round  it ;  that  matter  was  di-stroycd  by  burnioff, 
-Sec;  hut  nuch  propositions  have  V)«;<nne  f'nmparatirdy 
in oonct^i Table  by  nearly  all  intelligent  minda.  The  ancient 
axiom  thai  th«  circle  wiw  th«  mo*t  jK-rfi-ct  of  figure*,  tliat 
aatiiral  motion  must  be  circular,  and  therefore  thnt  the 
ilaoets  must  move  in  circuhir  orbits,  was  believed  until 
the  IJine  of  Kepler,  but  U  now  no  long^er  an  aaiom.  That 
which  is  inconceivable  by  one  man,  or  in  one  age,  U  not 
nM«»«iriIy  *o  by  suiotbcr  miui,  or  in  another  period,  and 
therefore  the  inconceivability  of  an  idea  or  the  reverse  is 
only  an  tnoomplotti  (rxt.  of  it»  Inith.  Ideas  which  at 
one  period  are  beyond  rea§on,  do  in  many  cases,  by  tJip 
profits  of  knowledge,  come  within  its  domain ;  and  mnte 
of  thiMM^  which  wer«  tJioiight  to  be  tntt:  are  proved  to  be 
false.  Some  difcaverics  which  are  unattainable  in  one 
age  or  stale  of  knowledge  become  attainable  in  another; 
ttw  instance,  the  laws  of  electro-magnetism  or  of  I'lectro- 
cb>imi<»l  action  oould  not  have  been  discovered  in  an  age 
when  etectTo-curreut«  were  uukuown.  nor  could  the  prin- 
ciple of  conservation  of  matter  and  of  oncrfy:  have  been 

c  a 


ice  J 


'20    OKXERAi,  rrcw  axd  iusis  or  ^ctPJiTinc  nssBiBco. 

arrived  at  whoii  Bok-nco  wa*  in  it<  infiincy     From  evidence 
ii!>u)iii>tninedin  solar -ipei-t roBcopy,  !iy  various  invftiFlig»lorf!,  | 
IxKikyer  haa  recently  eu'^^ested  sis  prohable  that  Bome 
t.Iic  'olemftiilary  IhkUl-s'   (viz.  chlorine,  iodint-,  bromiof, 
calcium.  &c.)  are  decompo^ble.  ■ 

Id  dcioDlilic  roKcarvti,  incu  mtu^t  he  guided  cntirelj  faj^^l 
the  piire  light  of  fnith  aod  reason,  as  far  as  tJn-y  caw 
obtain  it.  otherwise  they  will  succeed  but  little  in  making 
diwwverio*.  They  miisit  also  beRtnw  some  conMideratiou 
upon  the  questions,  what,  is  impoKsible,  what  is  improbable, 
and  wbai  is  at  the  time  unattainable.  Sc^icntitic  diir- 
cov«ran<,  therefore,  do  not  utnially  select  for  investigation 
questions  which  they  have  strong  reasons  beforehand  to 
believe  arc  beyond  their  power  to  solve.  ri<  apptyirn  to  be 
iiiwless  to  Bearch  for  instances  of  oreation  or  destruction 
of  matter  or  cnerpy,  by  human  agency.  The  tens  of ' 
thoiimndB  of  el.^lK)rale  re*(^arches,  and  the  huiidredii  of 
thoiiKandit  of  chetnioa)  analyses,  and  of  eiperimenta  and 
observations  already  made  in  the  sciences  of  pbyrica  and 
chemirtrj',  have  not  diMilosed  to  us  a  single  example  of 
creation  or  destruction  of  matter  or  energy  by  himian 
povrer :  nor  liave  thoy  made  known  to  us  a  single  siieh  net 
eflTectwl  by  occult  meanR,  and  pro\ed  by  evideiice  equal  in 
ntrengtb  to  that  supplied  by  ordinary  csperiment«  i»  t]to«r 
scienoeK.  Faraday,  a  devout  man,  was  a  firm  lieliever  in 
this  doctrine  of  Oonservation  of  Knergy  and  of  Matter. 

The  minds  of  many  men  arc  ever  rest le**,  ;ind  man's  ^ 
desire  to  w>lv«  questiotis  which  are  at  present  quite  in- 
Rolvable  by  his  limited  powers,  is  probably  as  great  as  it 
ever  was.  Some  of  the  quoitions  still  propounded  are 
quite  as  impenetrable  as  those  discussed  by  the  schoolmen 
in  former  times,  when  they  serioutily  dclmtwl  wh<-flier, 
'when  angels  move  from  place  to  place,  do  they  pass 
through  the  iDtermediate   space?'   &c,      Dissnti»&otion 
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ft  ilexiro  t«  ncquiru  aev  scii>nti6ci^| 
iry;  liut  lln-y,  like  a]]  our  actioiw,  ^ 
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muot  be  regiilute<l  by  iliitcretioD.  It  is  unwise  to  actcmpt 
Id  ex)>laiii  tluil  wliicli  JM  iui()0«itii>]«to  explain,  whether  Uiu 
in]|>w»iliility  arises  from  tiie  essential  nature  of  the  eiul>- 
ject,  the  limited'  extent  of  our  powers,  or  the  preeeut 
itnpMfcot  Htate  of  our  knowledge  or  mejiuv.  In  Duuiy 
riiifK.  however,  we  are  quite  unable  to  determine  before- 
hand whether  tliL-  kiiuwk'ilfjfc  wc  nvck  is  ikUainable  or  not, 
and  ia  tuch  ciu««  we  mtut  iict  according  to  our  be«t  Judg- 
inenU 
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oxiTTiiSBn  Birr  attainabus  tkutrs  of  sciexci. 

'  Nunii»«  vun  be  more  pii<-rile  than  the  oompluint^  womc- 

titne*  nude  by  certain  cultivatora  of  a  incience,  lliat  it  is 

Ttty  difficult  lo  uinke  OiHiovenvii  now  tliat  the  Mil  tuie 

Wa  etiuiuxtnl,  wii«rcii«  tti«y  were  tto  easily  made  when 

tlw  j>ioiuid  was  tirst  broken.     It  is  an  error  begotten  by 

ignoraDcd  out  of  indoleuci-.     The  lirt^t  discovery  did  not 

ilniiup<kii  lh«  fxpvotaut  idler  who,  with  ptucidetjuunimlLy 

•  ii''il  fur  the  goods  tlie  gods  might  send,  but  was  heavily 

I'liittyi  by  patient,  systematic,  and  intclligc'nt  labour; 

wt,  beyond  ull  (|uvKUun,tbe  Mune   Uibour  of  the  same 

aUml  wiitcli  miidc  the  fir«t  di^-ovuries  in  the  new  M-ieiice, 

■wHiM   HOW   »ww:e<td   in    making   maiiy    more,   trampled 

ii  the  field  be  by  tbe  restJess  feet  of  those  uo- 1 

-liciil  iiir]uircre  who,  running  lo  and  fro,  noxiously 

itn,  "  Whw  will  nhow  ui  any  good  Ihiugi'""' 
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GKKKDAL   VIKW    AMD  MMS  OF  l«(:lENrtFTC   K^BABCn. 

The  futura  limits  of  bumao  knowledge  seem  to  Iw  in- 
fiiiiU>Iy  tHfltant ;  tlio  fxertion  of  croativc  [n>w«r  in  develop- 
ing and  improving  mankinil  apjieara  to  lie  iofiiiitply  6ir 
fn>m  Kiiufj  eximustpd.  It  is  hij^hly  prnltublc  Hint  tborc 
romaini)  to  he  di:<covere(l  nvast  iiiimbi-rof  iiuientifictrutli», 
of  vrhich  we  are  at  present  totally  ignorant,  U-causc  very 
large  gajw  iire  uvidi;ut  in  all  diiet^timiB  in  our  prt-^ent 
«y:!tem  of  knowledge ;  and  because  we  now  know  multi- 
tudes of  diibstnnci^s,  actiunit,  and  conditions  8»d  i«latiun« 
of  bodiee  witb  wbich  we  were  formerly  unacquainted,  and 
tbe  nnmbrr  Is  rapidly  increasing.  It  ii«  only  wnetr  llic  iw« 
of  tel«!tco]H^s  that  nuiuL-roiis  tii^tiknt  heavenly  l>odia-t,  and 
vuriotis  i>henomena  relating  to  them,  have  beun  known  to 
exist,  whir))  uiu.-<t  b.ive  bad  biding  during  counllunt  previous 
a^fcs:  Iho  moons  of  Jupiter  and  of  JIais,  for  eiample. 
Various  nubxtiuices  now  known  by  iiR'^an!*  of  the  vpectro> 
^opo  to  be  in  the  sun  and  other  stars,  worn  doubtless  in 
tli080  hcavvuly  bodies  during  all  tht-tr  piist  duration,  Tlic 
microscope  has  revealed  to  u.-<  an  aliuoitt  infinite  number 
of  minuto  or^^anisms  and  §tructures,  of  wliith  the  ancimta 
were  totally  ignorant.  In  like  uiaunc^r  chemical  analysis 
and  sj-nthesis  have  made  known  to  us  an  immense  number 
of  new  subtitjinws,  simple  and  compound,  not  buforu  kaown, 
and  enabled  ns  to  produce  many  that  had  no  previous 
existi'uee.  By  menus  of  modem  discoveries  in  the  sciences 
of  heat,  electricity,  ami  in;igiiolism,  we  have  learned  tltitt 
a  multitude  of  cliaugcs  uccur  in  the  interior  of  substancea, 
wlten  tbe  latter  are  moved  or  altered  in  temperuturc.  The 
u^e  of  polarised  light  has  also  disclo»t^d  to  us  iu  traiiiiparent 
bodies  a  groat  number  of  peculiar  internal  atxuctural  eon- 
ditioiw  of  which  wc  were  prt^viouj^Iy  ignorant.  All  the 
properties  and  actions  of  matter  and  its  forces  are  inti- 
it«d  to  the  molecular  structures  and  motion:* 
lies,  and  these  structures  nad  motious  are 


4 


XaTUBAI.   FHKNOUEKA  ABE  OKItlFKUKST. 


23 


it>  RXlj^mi:!}  minute,  that  our  ranses,  even  n-]Hm  nidvc) 
by  (lie  most  effectual  appliances  at  prewDt  known,  are 
ublt;  to  detect  only  a  very  small  proportion  of  tlii-iri. 
Throiiffh  want  also  of  kooirledge  of  Uio  proper  mttthoda 
of  dflccUiig  tlicm,  a*  well  aa  tbrouji;]]  want  of  invcsti- 
gatioDb  made  with  tli«  assistance  of  known  mutliod*, 
whole  niultJtui1«it  of  plii.nK>in<.-iiri  <ioii)>tli;tHt  reumin  unknown. 
We  have  Fea.ton  to  i«elieve  that  every  part  of  a  mass  of 
li<{uid,  and  of  a  volume  of  gas  of  uniform  temperature, )» 
,  coutinuulty  dilTiLting  iuto  every  oUivt  part ;  but  w  have  at 
present  bttle  mean^  of  actually  detuLting  it.  The  com- 
plexity also  of  tlie  plienomcna  of  unturo  is  goucrally  so 
grrat,  Utat  we  are  at  pre^nt  only  able  to  completely 
uuderstaod  a  few  of  tie  very  simpleat.  From  these  and 
many  other  circuiusljinctai  we  Imve  {{'"'^''t  roaaou  to  boliovo 
tliat  we  are  still  surrounded  on  every  Bide  by  an  immen.ie 
number  of  natural  phonoiuuua  which  we  do  not  perceive^ 
ur  of  tite  existence  of  wliich  we  have  but  little  conoepliou. 
Tbere  aro  al»o  very  many  tilings  which  do  not,  at  present 
Qxi»t  in  natiuv,  but  wiiidi  by  procvifses  of  n-asoiiin^  wu 
can  show  may  exist,  provided  we  can  aeaire  the  proper 
I  conditions.  Amongst  these  we  may  fairly  include  a  whole 
Imultitude  of  sutntunuen  iMlongiuj;  to  homoloj^ous  series  of 
birganic  bodiea. 

If  wo  may  also  in  this  ca*e  judge  of  the  future  from 
uur  experience  of  the  pa^l,  unKxplorud  regions  of  science 
lie  in  ue»rly  all  directions,  and  even  »ome  of  the  com-' 
monest  phLUomcna  probably  remain  still  unknoira.  I"'or 
instance,  the  aioA  abundant  of  all  common  substances, 
oxygen,  was  not  ciiK»>vvred  tmtil  the  year  1774  ;  and  the 
Mases  in  gc^nentl,  althnugli  wveral  of  them  were  common 
r-BDOUghi  were  not  iudividually  known  and  isolated  until 
comparatively  recent  tinu-s,  evidently  because  scientifto 
knowledge  had  not  sufficiently  advanced  to  enable  men 
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to  devise  means  of  uolsting  and  <lifiting:uiehing  them.  It 
was  not  becaii*e  thotie  itubittancoa  were  iniicoe*siJilc  tlint 
they  were  not  previously  discovered  (for  men  had  lived 
tlirou};li  n^'f  in  lliccIo8t?f't(-outact  with  thvm),  but  for  want 
of  >ici«ntiti<-  knowledge,  and  of  t<uitable  and  siifBeivutly  re* 
fined  methods  of  aiHuiputation.  In  other  cases  wbere such 
Itnowliidgc  and  relined  methods  were  not  nwifwsiiry,  as  in 
diittinguisbing  diamonds,  gold,  silver,  and  various  other 
bodies,  th«  discoveries  wern  uiude  so  long  ago,  that  the 
rccordit  of  Iheni,  if  there  were  any,  are  lost.  The  di«)overy 
of  gold  required  far  leas  koow ledge  and  intelligence  than 
that  of  the  vastly  more  abimdaut  substances  osygen  and 
nitrogen,  beeauite  it  was  a  glittering  solid,  and  its  properliex 
more  conapieuoui!.  Even  at  the  present  time  all  our 
molhodn  and  appliances  are  extremely  crude,  when  com- 
pared with  the  minuteness  and  C'Omplexity  of  molectUar 
phenomena  to  bt^  diiKiovcred,  The  most  important  truths 
arc  u^ally  the  least  obvious.  Many  of  the  greatest  truthi« 
remaining  unkuown  can  probably  be  discovered  only  by 
means  of  exhaiutive  researches  whieh  dtselosii  exceptional 
instances,  or  of  extreme  refinements  in  science,  which  will 
enable  us  to  detect  and  cxaiuin*?  excessively  niinutu 
residuary  quantities  of  forces  and  subiitanceii ;  and  the- 
probable  reason  why  we  bavri  not  yet  been  able  to  discover 
an  experimental  connection  between  gravity  and  tlio 
varioiu'  physicid  fortes,  is  because  of  the  extreme  feeble-.; 
neas  of  th«  former  force  in  comparison  with  the  strength 
of  the  latter.  For  equal  masses  of  matter,  the  proportion- 
ate  strength  has  been  rslimat<4  u>  be  a  mere  fraction  o: 
1  to  1,U0()  millions.' 

The  extremely  limited  extent  of  our  facidties  also  keepti 
US  in  ignoianee  of  many  things.     There  is  good  reason  for 

The  I'ntcm  l/uirenn,  Glh  edit.,  |;i.  US. 
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iiippoiring  that  wliat  would  be  a  deafening  chontn  of  ioaect^ 
•ouniiH  exists  around  us  on  s  summer'e  duj,  (^nttivly  un-  i 
aotic«<j  }))■  it»,  boMtiiw  our  c«r  luw  no  povr«r  to  pi;a-efve 
vit>ratioD.i  exceeding  a  certain  degree  of  rapidity ;  or,  more 
uom>ctIy  DpOAking,  below  a  i-cilain  ilvgrcv  of  int^mdly. 
Convcnely,  our  loudest  nounds  uiay  be  inaudible  to  tbe 
retioei)  ears  of  insects. 

A»  Wf  oannot  civat«  knowW-^i-,  we  are  olvUged  wlicn 

fiimin);  conclusions  to  draw  them  from  the  knowledge  we 

poeecw ;  and  the  awDuntof  thut  knuwl^l^-  (thoii{;h  always 

increMJDg)  ii  limited.     As  wider  experience  also  enables 

IIS  to  discover  exceptional  inetaiictis  and  rraidunry  '|iiimti- 

Uca  ;  and  tbcxe  compel  us  to  infer  the  existence  of  wider 

hwa  and  prioviplee  in  order  to  include  and  explain  them, 

Ml  IB  it  likely,  and  indeed  almost  c<-rtaiii,  that  toine  of  tixe 

gtcEitivt   Irutlis  remain  still   unknoim,  and   will  be  dis- 

oncred.     In  tliiit  way  some  of  the  moet  important  trutliti 

btvv  rennkiiii'd  for  ages  unapparent.     For  inMance,  all  our 

uperience  of  the  otfwt  of  applying  beat  to  liquids  oon- 

Krffl«d  our  belief  tliat  at  a  particular  fixed  luid  definite 

timpfniture,  diSerenc  for  each  wparate  liquid,  every  sub- 

ttuicc  pusMd  abruptly  fr<.>m  the  liquid  to  thv  vaporous 

M>t«,  until  8ir  J.  Hersclu^l  fltigge«t<^,  and  Dr.  Andrews  a 

W  je^Ti.  ago  proved,  that  uoder  suitable  conditions  of 

(anipi-ratuTc  and  prc-KnurK',  Hubctances  pat»«d  by  a  gradual 

rhuigR  iitim  the  liquid  to  tlie  vaporous  itnieture,  tlirougb 

u)  tntei  vening  Hrries  of  condit  Ions  in  which  they  couM  not 

l«  ^>pi-Tly  calie*!  vilbcr  liquids  or  vapour*.    It  i«  evident 

iWefure,  that  aa  the  amount  of  our  experience  and  know- 

ln%i  t>  ttill  comparatively  euiull,  other  grrat  trutht)  may 

u  •  (iniilar   manner  rvmaio  unknown.     Tliat  which  i« 

111  nvson  at  present  may  not  be  so  in  the  future ;  but 

I     <'  u«  DOW  no  place  in  eciencc  for  want  of  a  bueisof  veriliod 

I     trull. 


aatMjj.  ruir  axo  buu  or  «nimnc  kuuicx. 

On;  fwm  of  onr  being  profaabljr  ignonnt,  nm  at  tbf'^ 
present  time,  of  •one  of  tbe  gnndot  txuttu  of  luture  is 
de&dtraej  of  epecia]  knowiedge  and  experience.  At  say 
time  a  nagle  new  inrtuin;  or  rspcrriiDcnt  may  mggeit  tu 
Dt  so  iiies  of  tbe  powiUe  «xi>ieiti.-«  uf  the  grandest  tnith, 
ur  i-Qflfirm  a  preriooily  oinioeived  hypothesis  of  its  being. 
For  iuMauce,  the  new  experiment!  of  Cagnaird  de  la 
Trjur  caiwed  Sir  J.  Heracbel  to  suggest  the  probable  oon- 
tinuity  of  the  liquid  and  vaporoiu  states  of  matter.'  Did 
we  also  now  know  the  true  numerical  relations,  in  thoj 
form  of  what  has  been  termed  'homolo^u»  scriex'  and 
*  periodic  functions,'  subsisting  amongsil  i^lemeniary  sul 
stAnces,  we  might  be  led  to  discover  the  existence  and 
properties  of  ot;w  i;l(;inent%ry  bodieat.  Attnnpts  u>  discoTei' 
auch  relatione  liave  often  been  made,  and  one  by  Mend-' 
lej<*cff  lias  rpcently  been  published  *  and  verified  by  tb< 
diftoorery  of  gallium. 

We  are  moHt  of  us  much  more  apt  to  congratuUt 
ourselves  upon  what  we  have  accomplished  than  to  con 
template  and  compartt  with  it  wli.it  remains  to  be  dor 
Our  knowledge  is  finite,  but  our  iguoranoe  is  nmrly  iaH' 
uiie.  Even  Newton  compared  him^^lf  to  a  little  cl 
picking  up  ix^bbles  ou  the  sea-shore,  whi!»t  the  grea^ 
ocuan  of  truth  lay  expanded  Ix^fotc  him.  Of  the  idtimat 
nature  of  time  and  space  we  know  absolutely  iiotblng ;  and 
nf  the  ««i>eiitiiil  nuturc^t  of  mutter  and  force  aUo  nothint 
ia  known.  The  deejiest  truths  require  still  deej>er 
to  explain  them.  The  amount  of  discovery  in  the 
app)!ars  likely  to  be  vastly  greater  than  that  of  the  past. 
The  study  of  science  disclostrs  our  i^oraoce  of  a  multi-4 
tude  of  points  which  we  may  fully  vxjH-ut  yet  to  knuwJ 
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Pii'w  knnwlt^lijr  w  not  li'k*  «  ciHtcni,  nortii  emptied,  but 

i«  «    foimtiun  of  almo:il  itnlimltcd  power  aod  dui'utiun. 

The  diDoovvTy    of   oou    triilk    loada  tu  tlmt  of   maay 

more.     <^4  iiew  fad,  Ii-adii  to  a  htimlrcd  re^arob^  and 

oaob  roeari'li  evolve*  a  liundred  new  facu,  and  ta  on. 

Rot  •  ring^u  aoioDM,  cxea  of  the  Diuthcinatiual  ones,  is 

prolmUf  yvt   ratiiplete  either   in    principlee  or  d«uil*. 

Than?  i»  out  k  i<tiigk-  foroo,  nor  even  a  siuglv  otibstance, 

yet  completely  understood.    The  area  of  aQientiGo  dis- 

anvry  ealiu);<M  rnpidly  as  we  advance:   every  scientific 

tnith  now   Iciiown  yields  many  questions  yet  to  bt-  an- 

nnr«d.  To  liome  of  thei«  ijiWAtiulM  it  is  poiwible  to  obtain 

aBMwent  at  the  prcwnt  time,  otiiera  can  only  be  decided 

«h«u  otiitir  piirtM  of  Hcieaoe  are  more  developed.     All  the 

difierent  branches  of  knowledge  must  advance  together. 

^iieuii:  and  moclutnical  basis  of  physical  science  cftn- 

■-.  oDiintructeil   until  wc  know  the  forms,  niso*,  Nud 

]»M:itjaos  of  the  molecules  of  i(ub:ttanci'« ;  and  as  the  whole 

Milm  of  att*iniil>Ie  knowludj^  appears  iminensply  grcitt  in 

(Boipanson  with  tlie  powt-rs  of  thv  human  mind,  the  un- 

kiilia^;  of  it   will   [Mrobahly  require  an   almost   infinite 

amount  i>f  labour,  and  thereforv  a  vast  period  of  time. 

Durinji;  the  pnitMvution  of  an  ori({i»al  invv^-^tigatioD, 
lhi>  an»  of  question  and  discovery  enliu-g^d  as  we  proceed, 
■sd  the  mtmreh  in  fomp  en^eH  developti  mto  such  oom- 
pdnity  and  magnitude,  tluit  w>lution  of  it«  queationa 
tff«u«  for  a  time  bopele^.  Generally  however,  when 
Um  di^-oura^'ing  point  i«  attiiiued,  the  subject  begins  to 
dear,  and  by  perilsti'ut  research  is  gradually  reduced  to 
snirT,  and  a  found  to  conform  to  a  few  general  Iawe  or 
Wbat  is  tnitj  in  this  ncHpeut  of  a  single  In- 
'■■  ha«  U<eu  largely  fouud  to  he  tnie  of  some  of. 
k  umpler  sciititcex;  for  instancv,  celestial  modianloa; 
ill  probably  be  alao  found  to  be  tKjually  true  of  Uie 
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entire  domniu  of  diffiovenibk  scivncr,  t^.  iU  compli'«iLj| 
vrill  iii<rr>«-<e  until  a  maxitauiii  ie  attains),  and  then 
gritdually  rc-solvcd  into  a  ttimplc  yet  compltte  Hvsti^'m  ot 
Liws  und  principles  in  a  uimilar  maniier. 

Another  reason  for  concluding  that  the  future  ol 
science  is  immcnsu  im  Ix-caiise,  in  :i  very  large  proportit 
of  new  esperiiuontj.,  we  are  unable  to  predict  the  result 
successfully.  Knowledge  of  principles  and  laws  cnableB  i 
to  predict  efffcts ;  and  t\w  uxtcnl  to  which  we  nre  iiruM 
to  pnnlict  Huacesafiilly  indicates,  in  a  rough  aort  of  way,  ih^ 
proportionate  amount  uf  such  principles  and  laws  yet 
be  found.  If  we  take  1(K)  part*  of  a  mixture  to  iUiidysa 
and  can  only  find  90  of  them,  we  conclude  that  our  know- 
Ictipie  of  one-tenth  of  the  Imdicii  prcH-ut  in  very  iiicom-' 
plcte  ;  and  aimilarty,  if  in  100  proposed  new  experimentl 
we  can  only  predict  succestfuUy  the  rcsulfcof  10,  the  kuvw- 
U'dgc  iiecv*!«iry  to  enuble  us  tn  pntdict  micccsi'fully  t) 
retuaiudar  has  yet  to  be  obtained.  In  many  cases,  how- 
ever, our  predictions  arc  true,  although  we  ore  unablu  iv| 
verify  them,  and  allowance  muHt  t)e  made  for  thiii  oircui 
stance.  This  inability  to  predict  successfully  occurs 
tbc  grvntcKt  vxti'iit  with  tbe  greattntt  discoveries,  and 
s|iecially  true  of  the  discoveries  of  electro-magnet  ism,  ac 
the  mugoetic  rektiou  of  light. 

At  thv  human  mind  has  diMOVfred  the  present 
of  scientifii'  truth,  and  ia  rapidly  finding  more — and 
fully  believe  that  what  remains  to  be  ascertained  must 
of  e^MUitially  similar  character — it  i»  rt.-a.ioDable  to  mpf 
that  in  course  of  time  a  vast  deal  more  will  be  found ;  bii4 
how  far  aiiui,  with  his  finite  intellect,  will  in  the  future 
able  to  explaiu  the  phenomena  belonging  to  the  varioti 
parts  of  IIh-  universe,  and  successfully  prckUct  effects, 
ont^  at  present  can  even  giieaft.  It  i«,  however,  reasonnbli 
"^<se  that  as  the  whole  of  nature  is  systematiculh 
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fntOMd  in  accordance  witb  inttllij^iit  dpfi<^i,  DOtliiii'^  in 
it  is  e»Mntially  iu»crutahlo  U>  int^lii'ctual  powors,  and 
that  tlic  vii£t  expanse  of  truth  nhiob  remains  unknown  it 
onl;  temporarily  iiucrataUe,  until  tltu  prior  koovrleflge 
necessary  to  its  dinoovcry  i«  ohuined.  Anrf  as  ceawlesa 
aclirity  is  a  necessary  condition  of  human  existence,  wo 
may  nl*o  conclude  that  new  and  impiyvcd  inti^lli^ctii;^! 
proceaseH  of  research  will  be  invented,  and  that  the  entire 
untverac  of  scientific  truth  will  be  iiivesligatod  and  dis- 
covered. 


CHAPTER    IV. 

TUK    tHUKXHITT    AXD  COUPI.FJCITT   OF   KATCRR. 

SnnxiOTT,  whether  truthful  or  not,  18  often  attractive  to 
itnpbiloropbical  mind^  because  it  requires  lew)  intellectual 
exertion.  Men  like  to  believe  that  the  universe  ie  framed 
ill  acmrdance  wiUi  their  own  simple  and  crude  prt'oon- 
oeived  ideas.  As  the  human  mind  can  think  erroneously, 
it  18  only  to  a  limited  cxtt-nt  a  true  mirror  of  external 
nature.  Itealitics  often  differ  grt-atly  from  appearances, 
ODil  the  universe  of  matter  is  probably  almost  infinitely 
{fr«ater  and  more  complex  than  onr  common  ide4iH  of  it. 
The  range  of  nature  is  inconceivably  great.  We  cannot 
even  imagine  bounds  to  duration  or  space,  nor  do  we 
know  of  timiltf  to  thti  amounts  of  matter  or  force,  or  to 
liie  dt^re*  of  complexity  of  physical  or  chemical  actions, 
eicept  those  alreiiidy  referred  to  (seo  Chapter  If.).  To 
tay  Uiat  duration  »  finite  is  equivalent  to  saying  there 
ma  a  period  when  time  was  not ;  and  to  say  that  space  is 
oot  tnliDite  is  equal  to  affirming  that  there  K  a  place 
where  space  doett  not  exist,     geological  considerations  and 
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tlift  j>henomen:t  of  ancitnt  eclipses  carry  us  l«ck  toward 
periods  of  immctitc  (lunitii>ii ;  tboiu?  of  uKtronomj'  and  tl 
n-vcliitiona  of  the  teltscope  indicate  to  iiii  itnlitnited  :«pa<.vj 
tlie  spectroBco{K-  poititii  towiirds  the  imiver^a]  distribtitioi 
of  matter;   (he  phenomena  of  uitttire  show  do  dvfiuit 
liiuite  to  the  quantity  of  energy;  and   the  microecoi 
and  t.h<:  phfiiomvna  of  pliyi«ii'«  nnd  ('homistry  ruvcal   ti 
u»  Ha  filmoHt  infinite  deg^'ee  of  minuteness  in  tlu-  constitii 
tion  of  gubstances,  and  complexity  in  the  action  of  thei 
forces. 

The  number  of  species  of  plants  and  of  insects  at  pr 
sent  known  hnK  been  estimated  ut  100,000.     The  stars  ' 
the  firmament  cannot  be  counted,  because  (hey  vx\^  il 
myrindii;  200  nulltonit  of  mL'tcorH  are  estimated  to  enu 
our  atmo«pbnre  every  twelve  Iioiirn,  and  Areigo  culculate^ 
tliat  67  millions  of  comets  frequent  the  plaiit-t-iry  urbitl 
We  know  that  the  luultiludv)'  of  Hfelc8«  Bubdlances 
nuturv  are  actually  innumerable  ;  even  the  smallmt  grail 
of  sand  appears  in  the  6eld  of  a  powerful  microscope  lik4 
a  ma^s  of  rock,  and   therefore  uoniiM)sed  of  an  immcns 
colletrtion  of  smaller  particles.     As  extensive  a  world 
minute  thinjj*  lii-!'  Iwyond  tlie  present  n-acli  of  the  mior 
Kcope  aa  that  wliich  that  instrument  has  already  reveak 
to  us.     NotwitliBtaadiiig  tJie  immense  number  of  fact 
whieh  differ  in  kind,  the  number  of  those  which  differ  in 
degree  is  almost  iiifiiiitcly  gri;aLi-r,  ln^euu^e  thoy  shn^le  ofl 
int'i  each  other  by  insensible  differences.     The  nutnher  i 
modifications  in  the  (luantittitivo  vurieticM  of  substance 
and   forces  appears  to  I>e  limitless;  even  tht?  nutiilier 
jiofiaible  mixtures  of  liquids,  or  of  metuls  nlooe,  is  alt 
incjilcu  table, 

Itertbelot  has  calculated  tim  number  of  combinatic 

which  may  be  made  of  acids  witli  ee-rtain  alcohols,  and 

'  If  you  give  each  compoimd  thus  possible  a  mime 
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aod  nllnw  a  lioe  Tor  each  name,nnfl  then  print  one  hundred 
liaee  in  a  pa^'o,  and  make  voluuurs  of  one  t)iou»atid  pcigm 
each,  and  pliun^  »  million  voliiinir«  in  a  !il)rnry,  von  would 
nrqtiirv  fotirt^en  thousand  aucli  librarieA  to  complete  your 
eataloRne.' 

7'hr  portion  of  xpni-e  we  are  at  present  iu^ttainted  with 
i«  imroentte.  and  altogether  beyond  our  powers  of  concep- 
tion. A  cannon-ball,  moving  at  it-i  unial  vi-Ioctty,  would 
ocviipy  al>i>ut.  a  year  in  travelling  from  the  earth  to  the 
fiiin,  or  more  than  200.000  years  to  the  nearest  fixed  star. 
Some  of  thi*  distant  hi-nvenly  liodicx  sm-  *o  fi»r  off  tbiil 
lif^ht',  trawliing  at  the  rale  of  192.0tX)  miles  in  a  second, 
occtipies  mure  than  2,000  ycjirs  in  p:u«in};  from  them  to 
at. ;  and,  for  aiight  we  know,  there  may  f.xUt  multitudes 
i>r  system"  of  worlds  imm(.-n3oly  more  distimt  than  this ; 
■oti,  notwith^.-uiding  that  light  traveU  at  m>  enormouB  a 
Telocity  (nearly  900,000  times  fester  than  aoood),  the 
spLvi  of  gravity,  a<'o.irdiHi»  U'  Laplace,  i*  at  leaitt  50  mil- 
lion times  greater. 

It  has  btura  culcukti^^  hy  Sir  Witlinm  ThomMU  that 
tb«  numlKT  of  moleculeo  in  a  iiingle  ctihie  inch  of  any  gas 
ia  about  100,000  million  million  milIio»«.  Each  moU^ 
on!*  al»'>i  in  different  gaeed,  conaiiilii  of  ^om  twi>  to  many 
atoms,  and  it  bcUuved  to  be  continually  moviog  to  and 
bo  at  a  very  rapiil  rate :  in  hydrnjrrii,  at  about  6,05d 
fpvt  per  second,  or  69  miles  per  minute  (Joule),  The 
diameter  of  a  particle  of  mutt«r  hiu  t»x-n  (^limuU-d  to 
Ik!  about  -ji?  t^  j^-  millionth  of  an  inch.  According* 
to  Sorby,'  a  rs'ira'*'  "'  *"  ^^'^^  ^"^  "^^  liquid  wat^r 
nmtJun*  about  3,9UU  million  million  moWnleR.  The 
m<>oD*fl  inRut-nce  upon  the  tides  of  the  earth  ia  about 
2l,t*7I,40oth  psut  of  the  total  influence  of  gravity,  yet  the 
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I;itt«r  force  it;  n  rerj  fwbk!  one  i»  ooinpariiHkD  with  the 
otiker  powers  (se«  pa$«  24) ;  it  requires  the  nuss  of  thsj 
entire  i-artli  in  or(]cr  to  attract  an  ounce  nrith  ihe-  torce 
an  oiinei-,  wtiilKt  a  mngtu-t  may  he  miule  to  attract  an<; 
Hupport  many  times  its  own  weight.  The  heat  evolved  byl 
tb«  Eun  is  calculate  to  be  2,000  million  times  as  great] 
as  that,  rifoivcd  by  thu  oarth  from  it ;  an<i  th«  Uglit] 
to  be  300,000  times  greater  than  that  of  the  moon,  ori 
2.200  million  timi?^  mon.-  intcnsr  than  ttint  of  n  Cff'i-J 
twtri.  halhnAf.  caloulaled  that  it  woiiM  reiiiiire  more] 
than  17  millions  of  millione  of  years  to  bring  about'] 
thv  contcmporancouii  conjunction  of  the  i^ix  gn-at'J 
planeta. 

'The   amplitude   of  the  aerial  partieica'  [of  souDd-< 
wav<«)*i«  lee*  than  a  lO-raillionth  of  a  cftntimetre.'' 
wave  of  light  does  not  exceed    150,0()0th  of  an   inch   inl 
broadth.     In    pcrtviving  the  itcuwitioii   of  vioK-l    colour,] 
707  millions  of  roillionii  of  \ibrations  are  communicatfid  j 
to  our  eyes  in  one  second  of  time.*     The  ksist  ray  of 
light  also,  falling  upon  a  coloured  or  dark  biidy,  is  ab-j 
sorbed,  and  roust  produce  some  effect;  and  the  effect  ia 
prohubly  more  or  less   different   in  ev-cry  different  «ulj 
stance,   and   in    the   ^ame   subfitance   at   every  different 
temperattuv.     In  a  vacuum  it  repels  bodies,  in  black  sul 
stam-cs  i(  produt'eH  hciit,  in  Kcleniuui  it  alt4*r»  the  electric 
conductivity,  in  salts  of  silver  it  changes  the  cbemiofili 
state,  and  bo  on.     It  has  been  truly  remarked,  'Tliere  ifl 
Bvcry  rea-'wn  to  iH-lieve,  from  the  spectra  of  the  «l(»nen1«, 
and  from  other  reasons,  that  even  chemical  atoms  are  very 
«omplicatod  structures.      An  atom  of  pure  iron  is  pro-j 
fanbly  a  vastly  more  complicated  sjiitein  than  that  of  thel 


.■■')'^iit*><  PnnwJitij/i  of  thu  Hiiyal  Sadi^,  vol.  KXifi.  |i>  818. 
I  M  .VaturiU  PMiaiophg.  U.  -167. 


and  thoir  atollites.' '  According  to  Atts^iriim 
i  Tbalt^n,  pure  xthu  ignited  to  wliiU^nw  dmiiltaQeounl}' 
emits  ruya  of  light  of  more  than  mn  (lifTereot  mU-v  of 
vi>>mlioi) ;  and  titsniiini  vmit^  even  n  verj  tnucb  lai^er 
niuuber. 

Heat  or  pressure  appUnl  to  a  piece  of  steel  alt^nt  it« 
lengtli,  brmdlli,  tliickwi'it,  inoiwtilar  arn)ugt>miMit,utotDic- 
lUptance,  specific  gravity,  cohesive  power,  afHifMoii  lo 
liquids,  elasticity,  temperature,  specific  heat,  latent  heat, 
thermic  condiii-livity,  tlieruo^lcctrJC  piwcr,  vk-otric-cDn- 
diictiou-resistance,  tnagoetic  capacity,  chemical  aod  che- 
mico-elvctric  actions,  and  a  number  of  other  properties 
i'im)ih9Uie<m>ly.  fn  a  i>ai>er  on  '  The  Molecular  Move- 
toents  and  Magnetic  Changes  in  In>n  at  diiferent  Tempe- 
ratures,'* I  hare  remarked,  'The  cbanpes  produced  by 
heat  in  even  so  apjiarently  simple  a  mihstance  a-*  ii'on  were 
so  DUtncroti3  in  »otnp  of  the  eiperimcnts  3»  to  produce  the 
impretuion  that  tJ>e  loeta]  was  endowed  with  vitality.* 
This  oimiiltaneous  change  of  properties  is  a  geucml  uttri- 
btite  of  niatler,  and  iron  and  the  magnetic  metals  gene- 
rally are  only  conspicuous  instanoes  of  it  amongst  elenten- 
taiy  liwiic-*,  priitmhly  in-caiiMt  they  p<)s«i-»M  tlie  greatest 
Diunlter  of  molecules  in  a  given  space,  and  have  their  pro- 
perties tl>crcby  oondensvd. 

Tlie  phenomena  of  tight  and  ^onnd  teach  a  similac 
lesson.  Although  the  titmo<(phcrc  is  siib'tt initially  a  mix- 
Lure  of  only  two  simple  ganeti,  the  smallest  portion  of  it  is 
capable  of  transmitting  at  the  same  instant,  with  hut 
tittle  inlcrfcrcucc,  not  only  an  almost  infinite  nnmWr  of 
ray*  of  light  of  eveiy  different  degree  of  refrangibility,  but 
aba  miUioDB  upon  millions  of  acousttc  vibrations  emitted 


•  Jeir«Ti»'»  Pfincijrl*!  irf  Sn^net,  to\.  IL  p.  4SS. 

n 


OSNiniAL  TtBW    AND  IfAStS  Of  SCUKTinO  KBSKABCB. 

by  the  largest  orchcvlra ;  nnd  threv  vibmtions  do  d^ 
appi.'nr  to  interfere  with  itB  p«ircr  of  KiniultaiicnuRlj  trati»^ 
mitting  an  almoet  infinite  number  of  r&ys  of  heat,  and 
maf^etic  and  t^lectrio  indiit-timi.  Inn  similar  manner  i 
meta)  wire  ia  capable  of  transmitting  a  niimlx^r  of  eU-ctiic 
(iuireats  at  the  same  Instant  of  timo ;  and  this  property  id 
being  applied  in  electric  te]egra])hy.' 

The  cbangeii  also  produced  in  bodies  generally 
alteration  of  pn--stiire  or  temfK-ratiin*,  even  when  viewed 
hy  the  aid  of  our  imperfect  means  and  extxenifly  incom- 
plcfc  knowlcdfjr  "f  it»  clTt-ctj»,  are  oftcu  to  profound  that 
they  point  to  the  conclusion  that  every  single  «u1»tanoe 
may  bo  larpely  conpidcrcd  as  a  differpnt  body  at  every 
difTi-n-nt  prr-B*Hre  or  t<-mpi-raliir«: ;  for  instance,  iron, 
nickel,  and  manganese  are  magnetic  at  low  leinpentures 
and  non-mngnotic  at  high  one» ;  a  red  acid  solution  of 
fwlt  of  cilmli,  changes  to  an  intense  bint:  coi(>nr  by  mctdj 
warming  it;  hot  bismuth  is  electro-positive  to  cold  bla 
mnth  ;  a  hot  solution  of  potiiiih  in  i-lecl ro-n'-gative  to  tl 
same  solution  cold;  and  it  is  probaMe  that  cvury  aul: 
stance  undergoes  a  numerous  scries  of  molecular  cbanj 
when  gritihitilly  altered  in  pressure  or  temfwraturs,  but  vii 
have  as  yet  detected  only  a  few  of  them. 

Mincriil  carbonate  of  calcium  in  said  to  crystallise  ^ 
upwrtrdji   of  700    different   varieties  of  form.     The  sell 
R-piiiring  power  of  a  crystal  i*  like  that  of  a  human  heinj 
A  Hiightly  alwaded  crystal  of  alum,  dipped  for  an  it 
into  a  saturated  aqueous  solution  of  that  salt,  compU'tetj 
rep-iirs  the  injured  partu;  and  if  tlifWution  contains 
Iain  othersalls  dissolved  in  it.  the  crystal  repaint  it:!K;}f  witf 
alum  only  and  refuKes  to  unite  with  the  other  suhetar 
pTOvidLiI   they   do   not    t>elong   to   the   ftainc   crj-stallii 
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systeni.  Tbis  8t4crtiru  power  is  like  tbat  of  a  lioDej 
muscle,  or  Derve,  each  of  which  wil!  only  take  to  it«clf 
from  ibo  blood  its  ovm  pmper  in^clieDt«.  Brewster  ob- 
(*T\v<i  llial  '  In  iJm?  eoinjili'S  formation  of  npophjUilc  and 
analcime,  lava  operate  more  tike  thoae  in  living  nrjiiclur 
Unn  in  ciyttullino  fortnatioiu.'*  The  property  pose 
by  KttlwIiuK^-;*  in  general  of  ennbUng  Ihi;  itpplicatiou  of 
ooe  force  to  produce  a  number  of  effects  BimultitneoiL-lf, 
may  abo  be  regarded  m  addiliunal  cvidt^ntM^  of  the  great 
cotu])texity  of  material  nubstancee. 

^\'e  may  conclude  from  tlie«e  iind  many  other  Etmibr 
fitcl«,  tbat  w«  are  iiurrounded  on  ttiu  one  hand  by  phtiuo- 
mena  of  almost  infinite  mngnitude,  and  on  the  other  by 
an  mdhvit  mimticr  uf  others  of  alnimt  infinite;  minuteness 
aod  coupleuty. 


CIIAPTEU  V. 
ON  iitr.x». 


1 18  n  thinloDg  being,  whether  he  will  or  no ;  (01  he  can  do 
ii  to  turn  his  ihoughto  the  Iient  WHy. — Sib  W.  Teucij:. 


Tm  mind  operat^ii  in  scientiBo  research  on  percepliORR  or 
idea^.  An  idea  Ualso  a  mental  impression ;  and,  if  we  adopt 
the  thciry  of '  unconHirioai  cerebral  ion,'  it  may  or  may  not 
attended  by  conscioumeas  and  pereeption.  It  in  [iro- 
fn  the  ivrobrum  by  u«tvihi$  force,  which  is  set  in 
motion  by  various  external  and  internal  cansft*.  hy  i>x(eriiiU 
utijects  or  forces  acting  through  tJie  senses,  by  physical  or 
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in<-nt.il  exoits'metit  of  (he  lirain,  by  memory  and  assotrativp 
sug^estioB,  lire;  biitA"(ril  ix  produced  frp  do  not  ret  ktiow^^ 
Fn!^i»ently,  when  mental  action  is  fctrAn^,  th«  head  h^M 
comes  suddenly  hot  and  the  feot  cold.     The  coat  of  per- 
ccplion  and  idvas  i*  Iw-lkvod  lo  Ix?  in  ihp  grey  cortic; 
neiTOiis  matter  of  the  convoIutiouH  of  the  cerebrum.     * 
the  t^ludy  of  physiology  it  li«  bp«n  placed  beyond  don' 
iJial   the  nerve-cells,  which  ens*  in  countless  mimlxjr 
about  600,000,000  uccording  to  Iile>-nert'ti  calculatioi 
in  ihc  {jrpy  matter  spread  over  the  surface  of  the  hcrni 
spheres,  are  the  nervous  centres  of  ideas.''     All  ment 
oction  appcan  to  depend  upon  »nd  to  produce  physical 
cerebral   impresaions,   and    sensationa   originally   p: 
ideas. 

According  to  the  doctrine  of  *  relativity,'  *  we  only 
or  perceive  Ackanr/e  of  state ;  a  thought  includes  a  percep-^ 
tion  of  relation  of  Kimilarity  or  dilTen-nco.     The  degree  of 
conscious  impression  made  upon  our  senees  or  perceptive 
powera    dcpeniis  upon    their  immediately  prenous  st^te. 
Cold  water  fetd*  more  of)ld  to  a  haiid  wliii;h  hn*  Ik-cii  pre- 
viously warmed  than  to  one  already  cool,  because  in  the 
former  cam!  there  i*  a  greater  degrt^c  of  nervous  chn 
Th<-  greater  and  more  sadden  also  the  degree  of  nervoi 
or  mental  alt^^mfion,  thu  stronger  the  sensation  or  men 
inipnswion ;  and  we  are  only  conscious  of  th«  xtrongt-r  nn 
more  sudden  m^ni^nrinl  and  cerebral  changes,  because  or 
^'VUiAi  and  perceptive  powers  are  not  sufficiently  refined  t< 
i«r.ftble  us  to  feel  or  perceive  the  more  gradual  or  ra 
minu1«  one*.     It  is  the  most  con.'^picuous  differences  whii 
mo*t  impress  us.     The  term  conscioitniew  is  utnially  take 
to   mean    yensibilily  in   general ;   all  our   primat;  cott 
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sctoujQciH  is  in  (Kir«dveK,  and  i*  only  rt-ferreJ  to  external 
ouurus  hy  the  aid  of  tbe  iutdlfct. 

A  thing  cannot  ad  ulnae,  or  upon  it«elf;  perfmt 
samene^  ii>  jneft,  it  cannot  move.  To  produce  conscioua- 
ncM  thviv  uiiut  be  u  (tijfetvntx,  u  tiling  ai^tiu);  and  a 
thing  actod  upon — Xivi  laLt«r  being  the  hnnuin  bmin.  A 
phutn^rapbic  plato  cannot  take  an  Jmn^  of  it«elf,  uirithcr 
can  the  cerebrtU  »iilMUince  whidi  [>erc(.'iv<M  prnx^Jve  itself 
— ^tbe  two  actions  are  simultaneously  incompatible;  we 
cannot  tbink,  and  at  thv  kiiimc  tiiup  tbink  i>(  that  act  of 
thought.  Perfect  continuity,  eaineneAs,  or  nnn-variation 
of  cauas,  htm  no  vfTvct  upon  our  pcrcL-ptivc  powvni,  and 
tberefore  we  are  unable  to  perceive  dtreclly  time,  itpaee, 
force,  or  motion  in  thcmBelvcn ;  we  feei  not  tbe  uniform 
pre«MiT6  of  Uits  atniuiipbere,  uur  tbe  motion  of  Ihv  curUi. 
The  depeudenos  of  oomtciousnetw  upon  chaugf.  of  impres- 
sion ia  lately  proved  by  the  ik«t,  thai  wliitiit  the  mind  iis 
highly  incapable  of  completdy  reali.^iug  ultimate  ideas;  ' 
ur  those  of  the  great  sialic  uniformities  of  span-,  lime, 
and  tuAuite  potential  power;  or  tlie  ^n-ai  amtw  of  all 
ihinga^it  is  (juite  capable  of  perceiving  thot>e  of  sequences 
ur  of  vrderv  vj  stuvtJ^iwH  of  mental  JmprL^sKiouH,  bci-aiuc 
in  the  latter  case  only  is  there  great  and  rapid  mental 
change.  AUo,  although  wo  can  but  little  conceive  ideaa  ! 
of  the  eiM'ntial  uaturps  of  the  modt-s  of  entrgy  which 
produce  physical  and  chemical  ed'eotc,  wo  can  very  much 
more  cuinplclvly  rodi^c  tbe  order  of  effects  wbicb  thoeie^ 
lorceM  produce;  and  our  conceptions  of  ultimate  power,. 
of  caiLiation,  and  of  the  iclatious  of  cause  and  cft'eet', 
depend  upon  ihic  ability.  'There  are  nuny  U>ing«  which 
no  neither  know  uor  can  know  in  themselves,  that  u.  in 
their  direct  and  immedi»t«  relation  to  our  ta<-uUic^  of 
knowlfdgie,  but  which  manifest  themselves  through  tita 
ttietUum  of  their  eBcctD.     Cou»ciousscii(i  cannot  exi^t  in- 
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i)(!t«endwitly  of  (wme  iitH:uIi.ir  cnoilificalioti  of  llii^  mind; 
we  are  only  conecious  a:>  wc  are  couecioua  of  a  determiDiite 
A*tc^  To  be  couscious  wc  must  be  coD»cioiu  of  some  par- 
ticular pereeptiuii.  rfmeiubrance,  iii)»Ki nation,  or  feeling  ; 
we  have  no  Kcneral  consciotinjcs*.'  '  Pt-rsisteDCT!  of  ideas  <l 
ia  oonsciou»iK-K.i  i»  tiui  basis  of  our  knowledge  of  maIiti<;«JH 
and  ia  also  to  a  certain  extent  a  teat  of  truth.  " 

Consciousness  ouiiblcH*  u«  to  define  many  things,  but 
iiot  iti>(;lf.     Witat   is  consciouaneaa  ?   is  about   tbr  ni' 
difficult  of  all  questions  for  man  to  answer,  because  it 
lukiof;  M-lf  what  i«  vclf.and  th«  answer  given  cau  ordy  be 
riipetition — consciousness  is  consciousness.     Conscio' 
iippears   to   he   u   power   of  p<-n;<-iviug   mental  cbangi 
whether  n^ilt tug  from  siUMitJou  or  volition ;  and 
from  a  siifiicienily   strong   and  rapid  nervous  or  men 
change.     It  include*  both  aensation  and  perception,  and*. 
the  total  con»cioii.>ut**  in  both  theae  form*  ix>uslituli«  tb« 
liuman  I  or  t'ffo.     Consciousness  therefore  differs  in  kind 
there  i»  physical,  or  that  »f  m-uki-;  and  mental,  or  that 
mind— and  the  latter  is  tlie  more  complex.     Mental 
sciousnesB  is  not.  mind,  nor  cu-extcniiivc  with  it  j  but  onl; 
a  variable  nn'oin|):iu! incut  of  it.     A*  tliere  may  he  pby' 
sical  activity  without  physical  consciousness,  so  may  tliere 
be  mcutui  activity  wiTliout.  mental  consciotiaieis,  but 
the  reverse — we  often  catch  ourselves  thinking.    Tbere  i 
no  abstract   eonsciou>inc»«.     Consciouxness  differs  also  i! 
degree,  from  that  which  accoiupanies  feeble  ntn^itions  aoi 
fdms  to  that  concomitant  with  the  most  exoited  actioi 
of  all  our  eeuM^^  and  mental  powers.     The  conscjoi 
atleudiug  one  action  often  exclude)  that  of  another;  i: 
the  ooDsciousness  of  feeling  is  stronger  than  that  of 
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intellect,  it  shuts  the  latter  out;    but  if,  on   the  other 
bMld*  tluL  of  ihv  ialcik-cl  i»  stron^ttst,  the  tutolk'ct  pr«- 

As  ooDwioufiOeae  is  a  result  of  n  suffitit^ntly  high  degree 
of  nM^tal  or  pli^oicnl  activity,  imooni>ciuti8ui;s»  and  Hioc-p 
are  promoted  by  absenee  of  all  conditions  which  excite  the 
tnind.     Otir  vwriou*  itowent  ci.*a«c  to  induce  coiiiK-iouiinent  -i 
uauftlly   in    sometlnng    like    Uie    following    order: — By  < 
■bMnce  of  physical  pain,  nneasineafi,  or  excitement  in  any 
part  of  our  body,  organic  ttsnwlit'n  cmtc*  aixl  uu  longer 
excite*  the  mind.     By  p^ect  stillness  of  limbs,  the  sense 
of  touch  ceafte*  in  a  tiioilar  mtinucr  to  aroiuM  p<rroeptioii. 
By   aleence  of  flavoiu^,   odours  sound,   and   light,   the 
sriifvs  of  tu«t4.>,  siui'JI,  hearing,  and  sight  become  ()uii-A!C«n1, 
aud  memory  alone  reuiatnit  &■  a  itotirce  of  mental  excite- 
loent ;  and  by  persisteDt  exchu-ion  of  the  more  exciting  , 
ideas  only,  memory  al.«o  beiomni  nncou^ciuiu.     As,  how-  j 
ever,  hy  withdrawing  the  mental  perception  fix>m  one  ctua*  1 
of  idfsix  it  it  thoroby  bettor  enabled  to  be  concent  rat «!  1 
upon  othere,  quieAcetice  of  ail  the  senses  ia  a  favoumble 
coodition  for  i-onscious   thought  and  reflection..    One  of 
ibe  iu(>»t  riflfectual   iiieatix  of  preventing  thi.-<  in  previoiiH 
cheerful  conversation  or  other  agreeable  occupation,  which, 
by  dii^-lling  anxious  thoughts  aud  discharging  outwardly 
the  nervou.4  {i<:>wer,  promotes  sleep. 

The  productiou  aiid  existence  of  ideas  tire  results  of 
WOT  capainty  of  reoctviug  sten^imal  and  cerebral  imprefi- 
AOUf^  'I'he  degree  of  our  sensitiveness  to  particular  im- 
pressiub!  and  tdtiu  depends  upou  that  which  in  \)urn  in  u» 
aad  that  whieh  a  jtulxiequently  acquired ;  and  it  is  gene- 
nlljr  considered  that  in  all  cases  of  genius  iind  (^xtra- 
osdiuary  mental  abdiiy  of  any  kiud,  u  high  degree  of  in- 
burited  lendeocy  to  receive  a  particular  class  of  mcnt^ 
ttopreadonfl  exists.  J 
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Afanj-  extraordinary  in#1ancc«  liave  hnvn  recorded   o; 
extremely  high  ilcgrnes  of  ionate  seiiKitivj-nviti  t»>  ]iarli 
eulivr  clajiaes  of  ideaii,  especially  those-  relating  to  numbers 
and  !N>uiidfi. 

'  Thf  case  of  Zerah  Colbum,  the  noo  of  an  Anierii 
peasant,  is  especially  remarkable  among  these,  not  oal; 
for  the  initncctiatcnii-tis  and  correctness  wttli  wliidi  h 
gave  the  answers  to  questions  resolvable  by  simple  bti 
prolonged  comptil-atiou — such  as  the  proilucl  i:if  two  nuni' 
bcrs,  caeli  consisting  of  two.  throe,  or  four  figtirea;  the 
exact  number  of  minutes  and  seironds  in  u  given  period  of 
time;  tJiu  raisinf^  »f  numltere  up  tn  high  [towers;  or  the 
extraction  of  the  square  and  cube  root*— but,  still  mor 
for  his  power  of  at  once  answciing  questions  to  whit^ 
nile»  known  to  mHthematicians  would  apply.' 

•  On  being  interrogated  as  to  the  method  by  which  Imj 
obtsiued  these  result*,  the  lii>y  (lonstaiilly  declared  that  bi 
did  not  know  how  the  answers  eame  into  his  injud.  I; 
the  act  of  multiplying  two  uunilwrs  together,  and  in  thi 
raising  of  powers,  it  was  evident  (alike  from  the  fact«  j 
stated  uud  from  the  motions  of  his  lips)  that  aomf  open 
tion  was  going  forward  in  his  mind ;  yet  that  oporatt 
could  not  (from  the  readiness  with  which  the  anitwety  we: 
furniifhM))  have  l)een  »l  all  allied  to  the  usual  mode* 
pnx-edure,  of  which,  indeed,  he  was  utterly  igiiorfrnt,  & 
being  ublu  lo  [K-rforu  on  paper  u  simple  sum  in  mulU 
plication  or  division.  Hut  in  the  extraction  of  roots  an 
in  the  discovery  of  factors  of  lai^e  numlierM  it  did  Oi 
ap]>ear  that  any  operation  coulii  take  place,  aiiice 
answered  immedialdy,  or  in  a  im^y/ew  itfccnuU,  questii 
whi<li,  according  Xi>  the  orillniuy  methods,  would  ha' 
re^jUired  verj'  difficidt  and  latiorious  cideidations ;  am 
primt  nuuibeni  cannot  be  recognised  as  such  by  any  knc 
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'  The  same  faculty,  imiirovcd  l>y  vtiitivaiion,  aj>pe«rs  to 
bave  be«a  poeeeesed  by  the  iliustxiuus  Kuler,  who  liud  not 
uuly  A  tamt  exiJuordiiuu-y  vtenwty  for  uiuiiboiv— to  the 
t-it*Dl,  it  is  said,  of  beiog  aWe  to  recall  itif  tinit  six 
puwt-n!  of  nny  number  under  lUO — but  oiso  u  kind  uf 
divininff  poweT,  by  wfaich  ha  perceived,  almost  at  a 
gliUH-i-,  the  fiiclorN  of  wliicb  in»  f'omitilse  were  coi]])>OMfd ; 
the  particular  synttjui  of  liwtor«  U-loiij^iiig  to  the  ({UcAtiuu 
under  ounaideratioD ;  the  various  artvtices  by  which  that 
>j>it-iti  iiiiglil  W  eJm]»iifi«d  :iiitl  ritliKi-d ;  und  the  relation 
ot  ihe  several  factors  to  tbe  coiiiiiiions  of  tht^  hyjwthebiti. 
This  powvr  of  divinirtg  truths  in  udvancv  of  txiiftisg 
kiiuKlvdge  is  the  ^{lecial  attribute!  of  Uione  iiiatheuiaticiaaa 
who  havL-  duuc  most  for  tJic  dcvctopmeut  of  thc-ir  »;i(.-lK-e.  ^ 
A  Qotahle  iDfltauoe  of  it  in  fiiruislted  by  the  celebiate 
r'niiiila  devised  by  Newton  fur  the  solution  of  equationaj 
1- I  .itthou^b  iu  iH>neotiieM  wii»  proved  ox pttriiuen tally 
the  Kstdts  of  its  application  in  every  conceivable  variety 
of  ciuur,  i(»  TuliuHtUe  Meciuf  to  bave  bi^-u  uukiiowii  lo 
Newton  hiiuM-ll,  and  remained  a  puzde  to  Mut-veeding 
mat  hpiDiiticiuns  until  discovered  by  the  pe^t»cveril:^;  luboura 
of  I'lotWnor  iSylvcxt^r,  who  iii  btiii»-li  fi)t«(-iaLly  ilUtiu- 
giiinhed  tor  the  potusession  of  this  highest  lorm  of  niathi- 
uiatjeal  gruiun.  That  such  a  ponor  n«  Zeiati  Culbura's 
shoulil  eiist  iu  a  ehilJ  who  had  never  been  taught  even 
I  be  nidiiueDU  of  arithmetic,  seetns  to  point  (as  Mr.  Baily 
r«oarkii)  to  tbe  cX)»tencv  of  irropartk^  of  nun^/era  as  yet 
undiscovered,  somewhat  analcigoiis  to  those  on  which  the 
>\>U-iu  of  logaritiiuiN  i»  based.  Aiid  if,  a«  he  grew  oUler, 
be  had  become  able  to  make  known  to  uthere  the  methods 
by  which  his  re^ulto  were  obtuincd,  a  real  advance  in 
kuowitHlgc  might  liavc  bi^.-n  looked  for.  But  it  neems  to 
bave  been  the  caae  with  him,  an  with  Oeorge  Uidder  and 
other  '^calculatiog  boys,"  that  with  the  geaerul  culture  of 
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the  mind  titts  epedai  poner  fad«d  airay.' '  Moiart  iras  aa 
iutuit  ivclj  and  higliiy  «.>D!titi\-e  to  musicat  ideaa  as  Colbura 
to  arithmetical  ones ;  imt.  id  Iiik  i-ttfK:  the  power  was  lB^^cIy 
improved  and  developed  by  education  and  enavine.'  Tbe 
Helection  of  a  pRifcmJou  nud  gouirral  occupation  of  life  a 
often  detemained  liy  us  in  a<M>ordauce  with  our  particniar 
in)ii*-rit«d  tvndvncie!; ;  and  it  is  in  confietjuence  of  inherited 
litoesa  for  one  clatis  of  tliought*  and  at^ttonH  in  pn-fereQce 
to  others,  liat  cacli  man  has  biigely  a  right  to  select  his 
own  sphiTe  and  kind  ut'  uxt^fitl  iriuploynient. 

Kvery  idea  is  conformable  in  some  respect  to  ila  cause, 
and  id(.-aH  aro  usually  imii;^  or  resemhUinceii  of  the  «>xiiU- 
enceii,  attribute^  or  relationit  they  represent,  btit  not 
nocccmrily  ho,  because  we  often  have  Mse  unea.  Ideas 
are  frec^nently  not  actual  leaemblunees  either  in  kind  or 
degree  of  the  objects,  aclionn,  or  attributes,  tfcc.,  they  indi- 
cate. A  roimd  figure  indeed  produces  the  idea  of  round- 
nesB,  and  a  lar^  one  that  of  laigeiK^^s,  but  a  heated  body, 
although  it  producer  a  Eensatioo  and  idea  of  pain,  does 
not  po»»et<8  pain,  nor  is  the  property  of  an  orange  whicb 
produces  an  idea  of  nweetneaa,  sweetness  itself;  and  an 
idea  of  thL>  sun  nUo  is  not  equal  in  brigbtni'iut  to  the 
image  of  the  atin  itself,  nor  is  tliat  of  a  mountain  propor- 
tioned in  xiztf  to  the  mountain.  For  every  intportanl 
esi«tenoe,  real  or  imaginary,  a  repreinentative  idea  is 
usually  wooer  or  later  discovered. 

It  «M  held  and  maintained  by  Locke,  and  it  now' 
generally  admitted,  that  the  Aole  original  source  of  all  our 
ideaa  is  experience,  and  that  w«  have  no  '  iunati-  tdi-as,' 
but  only  innate  tendeuciec.  We  each  derive  our  ttcientilie 
ideas  not  only  from  our  own  personal  experience  and 
ob««rvation,  but  al«o  from   that  of  athers,  by  lucatu  of, 

'  CutpJtHor,  Mrntal  l^i/tinleff,  pp^  laS-ESS.  ' 
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rp-oijing,  pictorial  repiv^entalion.  iltc,  and  what  we 
u>l(l :  aiid  from  (hi-  idvui;  tliii6  obiaiiit'd  wc  evolve  addi- 
tioual  OQM  by  tii«aD«  of  our  inU>llei;luiil  puwon.  The 
conclii-iioii  that  the  original  t/outce  of  all  our  ideaa.  is 
esperieuco  and  ultM-natioti,  i»  «1m>  ntfouglj  biipjiorted  hji 
the  fact  tiiat  those  who  are  boni  deaf  have  no  idea 
mufical  totwa,  and  tho«e  ouugctutally  blind  liave  no  oon- 
c«ption  of  colour ;  1w  aim)  who  has  not  tiuted  an  orange 
hat  no  true  idea  of  its  favour.  We  further,  in  certain  in- 
olanceE,  iiiheril  specially  high  dt^n.H«  of  rwccptivity  for 
|>aniruiar  idi-ai;  termed  '  intuitions,'  and  whe.n  ihU  exists 
to  an  imusuuily  gn.'^t  extent  it  is  Eometimos  called 
*  gcuiii* ; '  but  such  ideas  do  not  diffor  in  kind  from  tJ>i 
1e«  readily  anguired.  Perception  of  ideas  is  capable  of; 
being  strenglhooed  by  means  of  volition  and  dinjipline. 

Perception  of  ideas  is  also  essentially  auloinatio,  and 
the  only  direct  volitional  power  we  pOHsess  over  it  is  to 
dinwt  attention  to  an  idea  already  prei^eut,  tluis  iocrewing 
iu  strength  and  perounenoc.  01  our  most  common  ideas, 
a  f^w  arc  probably  aec|uiced  by  means  of  one  stiuec  nlooci 
HMDe  by  tbe  combined  action  of  several,  and  others  by 
Uie  additional  aid  of  tb«  judgment.  Most  arc  acquired 
by  the  aid  uf  several  seiLtei),  and  arc  iilMtntcts  of  many 
Impressionii.  Those  of  light,  eliade,  and  colour  are  lint 
■oquired  only  by  ui«anH  of  viuun,  and  some  only  by 
Uu:  aid  of  tbe  organ  of  bearing.  I'he  great  bulk  of  our 
ideas  can  b«  formed  uuly  by  llie  help  of  tbe  intellect;  and 
tno«t  of  our  perception  is  mingled  with  intcrem.-^.  Fixed 
Tisiou  with  one  eye,  without  the  aid  of  comparimii^  excites 
only  an  idea  uf  Qatue».4,  and  le^juires  a  greater  aid  of  the 
judgment  to  correctly  interpret  than  that  with  both  eye^. 
The  ideas  of  form  in  relief,  and  Bolidity,  are  each  acquired 
|iy  uicans  of  the  combined  seiuatious  of  sight  and  touchi 
aided  by  inference.    Judgment  (in  one  of  itc  meaiitngH)  is 
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A  pvrveptiott  of  llie  conm-ctioTi  of  two  UiiDtft^;  aad  wbcD 
an  infant  hnodles  a  ivlki  body,  it.  conchid<-a  in  un  incipit:Mt      n 
ilc);rv(!  tbul  his  impressioiu  gf  vision  and  touch  belong  to^f 
tht?   nattxv   objtict.     Cvrntct   pi^TCfptiouM  of  diKtanct:  and 
ins}{t)itude  are  on^oall}'  obtained  by  the  combined  aid  of 
tlie  intellect  and  tocpcriuucr,  and  eUI  our  more  ahMtniMl 
ideas  require  the  exercise  of  reason.     We  often  emplo]^  i 
our  ri'iuioD  iilso  in  forming  perceptions. 

Idea«  are  of  niuny  kind^,  and  may  be  divided  tatoi 
true  and  fuUe,  real  and    fanciful,  simple   and   complex,] 
Ktron^  and  f>-obIc,  dititinct  anit  indi^liiict,  coiupWte  aad{ 
incomplete,  RdnijiLitl^r  juid  iuadtsguute,  relative  and  abso- 
lute, disorderly,  confuHed,  axiomatic,  abiitract,  iiltimate^.^ 
«MBati(tl,  iuitncKliakr  nod  nunliate,  ijtialitative  and  quao-^^ 
titative,  <£e. ;  and  tiome  of  theea  are  treated  of  in  tbe 
cliapter  on  *  Scientific  'I'ermB.' 

An  idea,  uui«oc:iat<-d  witb  almost  any  common  tiainei 
may  differ  in  kind,  and  its  implicit  conteata  differ  ia 
quiility.  It  may  vitbcr  be  n-hat.  is  loj^^ically  termed  in 
exiciieion  or  tntinsion.  IIhia  we  may  cither  ibink  of  a 
Hteamsbip  in  extension  as  any  single  vessel  propelled  by 
tlie  expan.4ion  of  «t«atii,  or  in  intension  as  any  om-  of  the 
individual  steamntupe  that  we  are  acquainted  with,  la 
the  former  casM  our  idea  includes  a  large  numlier  oE 
ot^a,  and  in  the  latter  a  large  number  of  marks 
altrUiHtea ;  and  the  complet«nei!s  of  our  iilea  depeudx  upon 
our  clearly  eoiK-etviug  ii  in  both  thew  anpecta-  As,  hov 
ever,  the  human  mind  uin  only  think  of  a  few  marks  at : 
tiiiw,'*nd  iwnnot  realise  those  with  a  vividiifWi  enital 
liiat  excited  by  the  original  object,  there  is  a  limit  to  thel 
d^^rec  of  eli^u-ueiie  of  every  mental  concoption  ;  Ihr.  mor 
objects  91  iduaii  also  we  ]>erceive  at  onct-,  lite  let's  ne 

ides.i  may   be   either   of  nal   or   posail 


exi*tfnre<,  or  of  ima^nary  or  inipo^ible  onec.  PowstMi' 
existfDccA  are  uot  neci'ssurity  tea)  ottps,  nor  are  imagiDary 
exixtcnoM  nec^tiitarilv  impoMihle  Qn«8.  Tli«re  am  voiy 
many  ihinp  which  do  not  at  present  exUt  in  nature,  but 
whicli.  l>y  r«;i«"iiing  prociswe*,  wc  can  sliow  may  podsibly 
exUt  under  certain  conditions.  A  multitade  of  examples 
of  (Kid  kind  have  already  been  discovered  or  invent 
and  tbu.i  numerous  po^ible  exiiit4>ncea  have  lieeu  made^ 
rral.  Amonj^  tlieite  may  be  mentiontid  the  isolated 
alltali  nit^taU;  thoiuandH  of  new  clii^mical  eonipi>iindi(,  Iht 
eleetric  telegraph,  the  steam  engine,  and  a  whole  host 
nialem  disi-overie*  and  iuventionti.  These  examples  iiho* 
that  mind,  by  reaeting  upon  nature,  may  prove  that  to 
poiauble  which  do<-K  not  at  present  exixt;  that  cxirtinf 
nature  is  not  a  complete  system  of  all  possible  entities, 
altbongh  it  is  the  ori(;inal  som-ce  of  them;  and  that  if 
■vva  Ihe  biimaa  mind  were  a  perfect  mirror  of  existing 
nature,  our  knowledge  of  the  universe  of  pooiiible  truth, 
tad  our  claMtficatiuu  of  ideait  would  not  be  complete,  but 
would  have  lo  be  perfected  by  ineaiu  of  our  tntelleotual 
powers. 

C"rTeftiie<"  of  idesiK  if  an  e-'wential  condition  of  Hucce 
in  twtarch.  True  peremptions  form  the  basis  of  iiitellect>!1 
and  the  acquisition  of  true  ideas  becomes  a  source  of 
m<-ntal  jHtwe.r.  Tiie  kind  of  ideas  which  niwt  Jktrengtheu 
the  Tiiind  are  fiindaniental  rational  ones;  i-e,  tboso  great 
iik-aii  which  agree  with  and  ate  verifitrd  hy  llie  realities  of 
nature;  'the  truth  shall  make  you  free.'  There  is  no 
tyranny  equal  to  that  of  tulw  impRwioim;  iTronewuK 
nutions  weaken  all  our  powers,  especially  that  of  tJie  in- 
tellect, and  hinder  tbc  discovery  and  spread  of  truth. 

Idea*  are  the  nti-mentary  uuitti  of  all  mctntal  action. 
Different  ideas  poraess  very  different  degrees  of  complexity, 
which  ini-r«Kse»  a«  we  proceed  from  the  idea  of  a  single 
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objcvt  to  Uiat  of  man  J.  and  on  lo  paDoramic  coucrptious 
formed  by  the  tnentnl  a«M>ciatjon  of  nutiien>iia  ideas. 
Those  of  unity,  vxirti^nce,  and  succ«sstoD  are  simple  on«i, 
and  tJ)«  dimple*!  aro  th<we  of  d«*fiiiit«  tiniU  or  numbers. 
Even  a  drnple  idea  ia  often  an  abstract  result  of  many 
r«pi-titioati  uf  Kimilar  iraproraions ;  and  a  complex  oor  ia 
a  oompendiiim  of  itiiprej4?iion#  ntitaincd  tiKiinlly  t)in>ii|i 
several  senses.  A  complex  exist«nce  may  excite  in 
tAiher  many  Kin<;lc  idciu  of  it£  different  conrtitueiits 
attribrites,  a  <dngle  abstract  idea  of  iia  (^sjieniial  portion, 
or  a  complex  panoramic  idea  of  all.  The  most  complct^^ 
p«?rc(*ption  u-iuiilly  re<niires  the  aid,  more  or  lews  of  "H  ^^lifl 
seniles  and  intellectual  powers.  Simple  ideas  are  often 
form^  aiitoiiialirn11y,itnd  no  nlRO  arc  many  complex  ones  ; 
hut  the  most  complex,  abstruse,  or  unfamiliar  ideas  require 
the  aid  of  strong  aiumtion  to  intensify  th«ir  strength  and  | 
enable  us  to  perceive  them,  and  the  conception  of  the 
indicate*  th»  limits  of  man's  ideational  pow«n. 
volitional  thought  ie  aUo  much  mor«  exhausting  that 
that  which  i«  utitomatic.  According  to  Sir  W.  IlamiU 
ton,  wo  can  only  retain  in  our  mind  about  iiix  ideas  Kimi 
lunroiialy.  '  He  only  sees  well  who  sees  the  whole  in  ihi 
partft,  and  thf  part*  in  the  wrhole'  (Ijivatcr). 

!9early  all  our  mental  activity  may  be  viewed  as 
fiMtintc  of  concfptioiis  and  ohwrvationB  of  different  degre 
of  compli.ixity.     Thus  in  the  act  of  ttimple  peroeption, 
conceive  a  single  idea,  in  order  to  realise  it ;  in  forming  ; 
judgment  we  conceive  and  oh»<TVi!  two  co*fixiMin|7 
Uonc  or  ideas,  in  order  to  obtain  an  impreeslon  that 
oDe  belong  to  the  otlier,  as,  for  invtanoe,  redness  beloD 
to  copper,  £c ;  in  making  a  compai'ition,  we  coni>«iv«  004! 
obMrve  two  ideas  together,  in  order  to  obtain  an  imf 
sjoa   of  eimilarity  or   difference ;    and,   in    drawing   an 


in' 


conceive,  observe,  and  compare  two  jt 
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iD«t)t«  or  pairs  of  perceptioDP  together,  in  order  to  obtain 
iin  iinpretwion  of  identity  or  difTcn^ncv. 

lOi'n!'  may  be  ctilivr  strong  or  feeble,  diiitinct  or  intlie^ 
liort.  Tbe  stren^fa  and  distinctn*M  of  bd  idea. depends 
upon  thf  nature  of  tliv  idea,  thi^  »tAt«  of  edutittion  of  Utu 
mind,  the  \'jvidneffi  of  the  imprefisioD,  or  tbe  perfection  of 
tbe  memory.  Stroit);  irupn-^ions  produce  the  most  vivid 
ideas.  'ni«  more  vivid  altu>  tJie  originnl  imprcMton,  and 
tbe  more  perfect  the  notion  of  the  memory,  the  Htronger 
and  toon  distinct  U  tlie  idea.  Tbe  clL-nrcvt  idee*  are 
those  of  simple  numl>er,  because  they  are  tbe  most  definite. 
Umifral  and  alxttJiiM  idenx  u«iudly  produra  much  lesd 
rivid  impressions  than  individual  and  ftuperficial  oiic^ ; 
bdt  they  have  stronger  cGTccttf  upon  ediicntcd  than  npttn 
iiDwiucat^d  mindii.  Kuperlieial  ideait  have  ^R-iitcr  effect 
upon  uneducated  persons,  because  they  are  the  inoitt mi^ily 
perceived,  and  require  tbe  leant  intellectual  exertion.  Otir 
idea.t  of  all  great  genera)  truths  are  extremely  inadequate, 
in  conspqiwuce  of  tJic  ahetmct  and  extensive  nature  of  tl>e 
trutli*  which  tliey  repretent. 

Perception  of  ideas  requires  time.      When  we  firrt 

mlue  the  idea  of  an  ohjol  whidi  is  entirely  new  t^  us, 

ve  ctuinot  at  once  dii^nguixh  livlwcen  its  difTerent  part« 

or  pfvipertieft,  we  cannot  immediately  perceive   what  i« 

-  ■■  iul  to  it,  or  what  ii>  iiccidental  or  coincident,  am  into 

.  ...^.  parts  or  other  ideas  it  may  be  divided  ;  nor  can  wc 

obtain  so  distinct  an  imprcxsion.     Confusion  of  ideas  often 

AdffMt  nlm  from  the  pri?3ence  of  s  mitltipliciiy  of  conscious 

(mpreaaions.  from  insufficient  time  to  rcaliiw  tbem,  or  from 

ths  intiuHion  of  incongruous  one^,  and  sometimes  from  a 

r'ncy  of  mental  control.      Complex,  and   e«)>ecially 

,_ii.  ji;iiiiic  idcam  Arc  oiU;ti  very  inadequate,  and  so  aUo 

nv  simpler  ideas  of  extremely  ,lai%e  or  small   objects. 

Dull  biains  ptoduoo  olwcurc  idcaiu     DiBcrent  idean  also 
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p(r»4e!<<<    verf   different    tleirree?'    of    a)>struseQ«»t<,    wiiicj 
dcopcnii  a»  wo  pas*  from  l\n:  vonccption  of  &  single  viaibl 
thin^,  to  those  of  its  moiv^  hidden  and  invt!>it>le  propcrtie 
and  onwiinls  to  tliow  of  it«  most  r^oj^ndite  attributes  an 
r(;]iit  ionn.     As,  moreover,  we  mentally  pnKined  from  tt 
notion  of  such  an  object  to  that  of  a  judgment,  coinpari^ 
and  inference  r«(iK'ctiiig  it,  th«  idoas  we  neceesarily  coi 
Cffive  are  each  raore  complex  and  reeondite.     Nwirly  iil 
onr  mental  aetirity  may  uIbo  be  viewed  as  consisting 
concpptiontt  of  idras  more  or  less  abstniwe.     Thus  we  con- 
reive  the  less  alistnise  ideas  of  colour,  sound,  solidity, 
simple  forms,  &c,;  or  the  more  recondite  ones  of  each  ol 
thrr  viirinns  physical  forces,  the  human  mind,  the  giam 
principles  of  nature,  various  rao<^k^  of  motion,  the  umvena 
t-thoT,  &c.     In  projiortion  as  ideas  &il  to  produce  a  blgn 
degree  of  mental  change,  so  are  they  abstruse  and  difBcnii 
to  realii'c  completely ;  alu^tnise  ideax  are  thvrcfoi-e  moan 
jnadi-qnate.  1 

Whilst  th<^  human  mind  appears  incapable  of  intelliJ 
gently  com ])rel lending  the  creation  of  matter  or  force,  in 
e-an  better  understand  the  (Irvdopment of  forvia of  matt«r.| 
Amongst  the  most  almtnise  ideas  whicOi  we  arc  able  ta 
realise,  are  those  of  time  and  space,  and  the  former  is  thd 
more  abstract  conception.  The  idea  of  number  is  that  ol 
perceived  repetition.  The  most  abstract  and  eKHcntiAJl 
idea  we  can  realise  of  matter  and  force  is  that  of  r«si«^ 
ance.  Tho  persistenco  of  force  is  an  ultimat4:<  truth,  ana 
is  the  persistence  of  the  Infinite  Cause  of  all  fliingaJ 
Axiomatic  ideas,  such  as  that  of  *  contradictions  oaanotJ 
co-CJtist,' are  abstract  ones;  they  are  those  to  which  alU 
men  at  once  assent  as  soon  as  they  perceive  their  me&niag  J 
they  are  some  of  the  lattfst,  during  life,  of  the  ideas  wu 
acquire,  and  are  therefore  not  'intuitive,*  as  they  An] 
jgmetimcfl  citlli-d.  I 
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Ultit»at«  tcientific  ideiw,  eapeciaUy  those  of  the  c«8en- 
tiat  eseenccfi  of  tliinga,  the  mo(t««  of  absolute  being  or 
exiiiWtMSH,  are  tli>j  luoil  inijierfoct  mod  inMlt-qiintc  of  uuy ; 
atoooK^t  tbem  we  may  incltide  those  ftf  truth,  caiwe,  etTect, 
mntt^r,  tniixl,  furcr,  Kpac-e,  liinv,  the  absolute,  the  infiDiter 
and  the  self-created  and  Helf-exi^jng  caiuie  of  all  thingii. 
Thv  idett  of  an  ab)M>lulv,  intiiiite,  omnipotent,  self-orestecit ' 
nod  self-existing  poteiilial  power,  am  w«  in  our  extremely 
finite  knowled}^  consider  the  cause  of  all  things  to  be ; 
the  muroe  of  all  truth,  and  cati#uof  all  mattf^randvnvrg}-, 
hi  which  or  whom  we  live,  and  move,  and  have  our  being, 
uaanot,  iDde«d,  be  adwiuatcly  r<yili»<;d.  Wb  can  only 
inu^ne  that  which  ie  limited  by  some  distinction  of  dif- 
ferwice,  and  therefore  cannot  form  a  com])lvtc  idcu  of  »u 
iioUmited  or  inlinite  changeleit^  existence.  We  all  have, 
(i{i  til  a  certain  extent.,  a  dcfinito  coosdousDeA,  either  in- 
teUigent  or  otherwiM-,  of  an  Infmite  Cauae  of  all  thingf, 
ftDil  an  indefinite  oonsciousnees  of  it  beyond  thiit.  It  is 
bncaiiKO  of  iho  perfect  Rimi-ue«i;  and  uuchuo^^vablc  ualuru 
of  the  Infinit«  OaU!>e,  that  w<-  are  unable  to  immediately 
npprchvnd  '  the  Cnknown  God.' 

By  thB  proc*3«of  infen-nceor  rea-toning, we  intelligently 
arrive  at  the  idea  of  the  Great  First  Cause.  '  The  fool  liath 
«ud  to  his  fatiut,  there  is  no  (rod.'  Our  idea,  that  there 
must  be  an  absolute  and  infinite  existence,  and  modes  of 
it»  action,  is  proved  to  be  true  by  the  rniiformitiesof  time^ 
Hpace,  matter,  energy,  and  Ute  universality  of  cautintioD  ; 
hoi  what  the  es<vntiul  nature  of  the  sxinUHice  its  of  which 
Uieae  are  the  modev,  we  cannot  even  imagine.  The  in- 
ability of  the  human  mind  to  realise  ultimate  ideas  com- 
pletely is  also  proved  by  the  numerous  utlompt.*  which  have 
tieen  made,  and  tlie  invariable  failiu«  to  explain  the  efi»enlial 
nature  of  those  uniformities ;  also  by  the  almost  infinit« 
varieties  and  foniu  of  idea  of  an  Ultimate  Cause  which  have  , 
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lici^  conceived.     Every  ililTerent  nation,  itnd  r-vm  diiTcnent 
sect,  has  had  iW  own  idea  of  a  creative  power,  adapted  to 
its  own  particular  currcjit  Ix-lit-fs,  anil  varying  also  tie  know- 
ledge advanced.  The  idea  of  such  a  power  as  conceived  bya( 
nncii^nt  Briton  vras  vury  diSvront  from  that  by  a  modorij 
Kngli»timan  ;  and  the  latter,  in  it»  turn,  ia  Wing  replace 
by  one  more  in  accordunco  with  existini;  ecienti6c  know- 
ledge.    Every  individual  also  conceives  hiii  idea  of  a  Fini^J 
t^ause  in  accordance  with  the  peculiarities  and  linaiLi  o(| 
hif  own  finite  mind ;    and  sv  :in  intrlligt'Ut  knovledj^c 
(based   npon  verifiable  evidence)  of  a  natural  cause 
only   be  acquired  by  studying  its  efiV'Cte,  so  that  of 
Ultimate  niiltiral  cause,  by  .a  man  who  it  nnacqtmintc 
with  the  great  principles  of  nature,  is  of  a  more  limit* 
(ind   lc«»  intelligent  kind.     A  rational  way  of  oblHininf 
an  intelligent   idea  of  a  Creator,  independent  i>f  all  aa 
Humption,  is  by  acquiring  a  tborough  knowk-dgo  of  th( 
lawi>  which  regidato  eivnted  things.     Ait  man  aloni^ 
stilntes  but  a  very  minute  p;irt  of  tJiis  Universe,  a  stud] 
of  him  alone  ftwiKicially  if  mental  physiology,  and  it«  rela 
tionj"  to  the  varioiis  forces  of  natuiT,  be  omitted)  can  only 
impart  a  correspondingly  in.ide(]imt<;  idea  of  a  Creator! 
Notliing  tends  so  much  to  binder  the  diweminntioii 
true  ideas  respecting  the  Infinite  Cause  of  all  things,  aoc 
to  perpetuate  xtHfeon  such  a  Bubjt^ct,  ax  the  grout  abmmc 
of  knowledge  of  the   laws  of  that  cause,  by  those  whd 
especial  function  it  is  to  t^^icli  the  nature  of  the  caua 
itself. 

All  flcientific  ideas  are  derived  either  from  sensattoni 
reflection,  and  have  therefore  Wen  clasKcd  intoimniediat 
and  mediate.     Immediate  ideas  are  those  which  arr  mod^j 
known  to  us  by  our  direct  conscious  perception,. and  for 
the  primary  oouree  of  all  our  lieliefs.     Mediate  ideas  ar 
tlioMt  made  known  to  ua  by  means  of  reasoning,  or  by  ia- 
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ferenc?  from  immediate  otk*,  nnd  ar«  8tiio(!time«  called 
eoRorpIioRi'.  Manv  ideas  are  a  mixture  of  immediate 
coDBCioiis  perception  and  infuronoe. 

All  our  primitive- fvnealions  nod  emotiom  communicate 
to  in  imiufdiate  idea-i:  what  we  fee],  we  do  feol  witboutM 
mnally  TeqniriDf;  to  compare,  ^cneniliM-,  or  i-inploy  ouifl 
tdtsoa,  and  witliotit  lieing  largely  able  to  prevent  it.  Rut 
la  recAiviufi;  immediate  idea^  we  require  to  ohiiy  the  rule* 
of  comet  ohiH-rvutioii :  ami,  to  p.Tceive  them  ronwctly, 
our  moMt  niiut  be  educatecL  Even  then  we  are  apt  to 
BOake  mistakes ;  and  vie  probably  never  perceive  with 
Ipexfect  avimrai^. 

Mediate  ideae  are  inferences;  for  example,  perception 

of  distance:  wc  do  not  8V4  it,  but  infi-r  it.     As  from  a 

nnglc  fact  many  inferences  may  be  drawn,  bo  mediate 

idean  are  far  more  numerous  than   immediate  «nc«,  aiid 

ainrludo  not  only  all  genr-ml  ideas,  laws,  principles,  cau-^^s, 

pud  coincidences,  but  all  tlio^  made  known  to  us  by  tbe 

testimony  of  otJici  persona ;  all  our  helieli*  of  past  and 

future  eveniR,  and  of  those  events  which  oniur  in  our 

Pibeence,  and  of  which  therefore  we  have  no  immediate 

consciou-<ne«(,  exc^jit  »ueh  as  is  revivwl  by  Hip  memory. 

All  scientific  ideas  and  terms  may  also  be  divided  into 
qiialit alive,  or  tluMe  whitli  do  not  include  the  notion  of 
ina^itude,  and  qitanlitative  ones,  or  lho«e  which  include 
■  Utat  idea  ;  for  instance,  tbo  simple  conception  of  exiKtrnce 
fuf  ft  thing  is  a  i^uiditative  one,  hut  that  of  the  extern. 
to  which  that  thin^  exists  is  quantitative  in  addition. 
Altbou^li  each  i|Uii]it4(ive  ide«  does  not,  in  its  alutract 
fkirm,  include  the  notion  of  magnitude,  yet,  in  many 
caees,  when  compared  with  other  ideas,  a  vague  impres- 
sion of  relative  majpiitude  unmi'.  The  first  {{liminering 
of  an  idea  of  a  thing  is  that  of  its  simple  existence;  but 
that  IB  a  very  faint  conecptton,  although  the  most  fimdiL" 
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mental  one  By  fiirther  Mtion  of  the  mind,  (lie  idea  of 
existence  becomes  stronger,  and  is  often  accompanied  Ity 
a  ponccptioi)  of  its  rcliitivo  miif^iiliidt^  to  oilier  idt^iu^  An 
Mon  as  ve  begin  tn  think,  we  begin  to  compare. 

The  implicit  contents  of  difTercnl  scientific  idi'us  ditfe 
not  only  in  kind,  but  vary  ureatly  in  amount.     A*  tl; 
ftrf«jMi<Mi  of  an  idea,  or  the  number  of  objects  it  represent 
incrra»i^  so  the  quantity  of  knowledge  implied  in  it  in 
cn^a^eK  ali^o.     A*  likttiviM-,  the  iutenitlon.  of  an  idea,  or1 
number  of  marts  or  tUtrif/tiles  it  includes,  increases, 
al«i  doeti  the  quantity  of  implied  knowledge.     The  quan- 
tificalion  of  idL-as  (and  terms)  h  a  veiy  abatruise  aubjt 
greatly  requiring  development,  a.nd  is  important  in  pr 
I>ort ion  to  its  alirt rnKenesti.   That  idra* of  simple  exi«teii 
when  clearly  conceived,  possess  relative  degrees  of 
ttide,  if  shown   in  tin-  proceWM  of  analj-nis,  divifion; 
rhuHiticat  ion   of  knowledge,   and    in    logical    infe 
Nearly  every  single  idea,  considered  cither  in  extension 
inlenMon,  i*  more  or  Icji.*  complex,  and  may  l)e  analyaed, 
divided,  and  subdivided  into  its  component  part*,  or  ideafti 
of  more  and  inor.-  liinju-d  meimitig,  and  tlie-refore  eon-l 
taining  lei>H  and  le^  knowledge.      In  drawing  a  logical) 
inference  also,  we  mtut  be  carcftd  tliut  it  does  not  conlainj 
a  larger  idea  tJian  the  nne  contained  in  the  original  pr 
position. 

Althotigli.  for  the  pnrptwcw  of  scientific  discovery,  it  Jl 
neeeswiry  to  classify  ideas  in  every  poseiiUe  way  in  ordc 
to  extract  from  them  the  maximum  amount  of  knowledge^! 
and  for  spi-eial  purfjofica  it  is  necessary  to  rUusiiy  them  in,! 
special  ways,  yet  it  is  cqtiiilly  necessary  in  H  systematiol 
representation  of  know]Mlgi%  and  in  all  cased  wlwrre  woj 
wi»U  to  determine  the  relative  degrees  of  intrinsic  value 
or  importance  of  thiiip!,  to  classify  them  upon  the  mc 
fundamental  basis  we  can  fiud.    Viewed  in  this  aspect,] 
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the  cI»9ilivation  of  idea»  in  accordance  willi  tlic  mental 
piiwu9,  such  88  into  immediate  and  mediate,  i»  not  r 
[trimary  ouv,  bccau«<^  tli«  hiinun  iniad  it  fuehioucd  by 
natmv,  much  toore  to  than  nat^in!  by  the  htiman  mind, 
mare  fundamental  classi6catiDn  irould  be  on«  in  acconl- 
iCB  vith  the  lU'lunl  and  po»iblv  <?xixU-Ticie)i  of  u»tin«,  iind 
tlte  truths  of  the  rarious  sciences,  which  are  themselves 
lUtenmneil  by  the  «epsra1>;  forces  and  xubstunccs  of 
nfttiirv,  and  are  tberefoi-e  furint^  upon  a  mechanical  and 
mathematical  basie.  A  lees  suitable  divisioa  of  ideas  for 
tlif  jiMrp(w«Mt  of  ft'ientific  diiiTOvery  is  into  olwcrrationn, 
ctinifciriMiH,  g[eaeral  idea^  inferences,  and  hypotheses. 
In  the  logical  claseitication  of  scientific  ideas,  also,  every 
should  differ  fmcn  every  other  cla-i^  by  xome  distinct 
.rk  or  nkarkti.  Koue  of  the  clas-es  Uiould  overlap  each 
other ;  and  in  order  to  make  the  ckusilicatioD  complete, 
BO  claxs  of  ideas  should  l<e  omitted  ; '  we  should  also  not 

ivide  into  primary  classes  infltnnces  of  dijfeivnt  degrteti 
of  actiou  of  the  same  power,  «icli,  for  instance,  a*  nets  of 
i\U;  mind  into  conitcious  and  tuiconscioiiiii  ones. 

ScicDtiliic  ideas  are  related  to  each  other  in  a  multi- 
tilde  of  way^;  and  tlie  rftationK}iijiH  (except  in  the  case  of 

lean  of  ima^naiy  esistences)  are  deteTmined  by  those  of 
real  and  known  exii>tt-iic<-K  to  which  tltc  ideas  coTr9> 
^x>ud,  and  which  they  represent.  Notwithstanding  the 
&ltDo«t  intinite  mimlxir  of  ideas,  and  tbeir  complexity 
of  relation,  Mr.  Alfred  Smee,  F.R,8.,  evt-n  propoMKl 
reUtjona)  machine,  or  a  kind  of  mechanical  dictionary, 
designed  to  nhow  by  ineehaniuil  means  all  the  relations  of 
■ay  one  term  or  idea  to  all  others.  It  was  not,  liowever, 
really  constructed,  fur  lie  liimsi^f  admitted  that  it  would 
rover  a  i^pace  a*  large  a.H  Ixrodon. 
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The  greater  portion  of  our  tnental  iictivity  conncts  ia 
tliv  foiiiialiuii  of  ii  voutitiiutl  flow  or  suoctiflvlon  of  <x>iie6i>> 
tions  of  simple  and  complex  tdeaa,  excited  in  our  minds  by 
pliciiocnvna  occtirring  witSiiu  and  witlioiit  iix,  iind  ttioditivd' 
more  or  lefts  in  atiungtb  at  varied  intervala  by  oiir  actS'' 
of  vijlition.  Wc  cunuot,  however,  by  so  act  of  thit  will, 
directly  prevent  the  flow  of  ideai>.  IdeaH  arrive  and  depart^M 
at  a  certain  average  rate,  and  witliin  certain  limits  of  speed^ 
uf  guvca^ian  ;  and  if  it  <rere  not  co,  mental  action  would 
be  either  le§s  powerful  or  less  perfect.  A  sufScient  uiunber 
of  ideu«,  und  propi-r  tiniv  for  di^-ittiug  tht.-iu,  are  both  ne- 
cessiu-y  to  mental  liealtb  ;  an  ioBUtHcient  number  or  variety 
wi>idd  Wvu  us  ill  compiinitivc  ignoruucv,  und  a  multiplicity 
uf  them  woidd  confute  our  minds.  Vt'e  can  ueitlier  uou6na 
our  attention  to  a.  perfectly  unchanging  idea  for  a  loH] 
time  tw^ttther,  nor  oleiuly  jwrwive  those  that  rcraiiiu  beforoL^ 
u^  too  HhoTt  a  time.  As  rapid  irregular  motion  oonfUKS' 
ttitt  vision,  fo  u  r.ipid  KiivccM»ion  of  iduaii  confu«(;s  the  nuiid^ 
RelliKititHi  is  a  tranquil  flow  of  volitional  thouglit*.  The 
flow  of  ideaa  or  thought  is  considered  to  be  dependent 
upon  the  travelling  alwut  of  current*  of  uervi--power  fixn 
c«ll  to  cell  of  the  cortical  grey  matter  of  the  cerebri 
When  ouo  id<M  nppi-ars,  thtt  preceding  one  di)iappear»;  i 
iiIho  dixappear  when  the  nervon»  current  di«obiju^uii  out 
wanU  to  produoe  u  muscular  movement,  a  flow  of  U^m, 
&c.,  or  other  ext<-nial  iiclion.  An  by  dirvcting  our  atten- 
tion to  powerful  or  exciting  ideas,  we  are  able  toAlrvngtbeo 
the  current  of  thought,  »o  can  we,  by  directing  it  only  toi 
feeble  or  non-ex.iting  one*,  piximote  the  occurrvtice  a. 
sleep  and  unconsciouBuess. 

The  degree  of  rupidity  of  lliought  or  flow  of  idi 
(liffei-a  greatly  in  ditierent  persons,  and  in  thi:  ^amo  ]hm 
at  diflferent  time« ;  und  appears  to  be  dependent  upon  tli« 
s|)etd  uf  nervoiu  conduction  and  cerebral  impression.   Tlii 
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€liff*!reiiw  lias  Iwcri  rcc<;>Kiii.«ixi  iu  vuriotis  wujit,  nnd  i«  »h<>wa 
in  Uie  diS'orence  of  what  U  termed  '  pi^T^onal  equation '  of 
a.itmnumu'^  olwerrcrf,  no  two  of  vrbich  arc  foiiud  to  nrtiord 
the  occuirence  of  a  given  pliettomena  at  exactly  the  same 
io^Uint  of  time,  but  ditfer  In  the  pL-riod  of  record  from  tbe 
exact  time  by  a  definite  amount.'  Basing  hi.t  con!(id<- 
rationa  upon  obeervntions  of  phenonuma  of  this  kind, 
F.  Gallon,  iu  nu  ]ultlrv««  bcfuru  the  British  AMuciution, 
at  Plymoutli,  says:  '  The  very  fonndation  of  tbe  ditferenoe 
bKtwc«-n  thx;  mvntid  <{UuUti<.-K  of  mnn  and  mnn  uilmitM  of 
^>^og  gauged  by  a  itcale  of  inahes  and  a  clook ; ' '  and  pro- 
poses tu  m»i£ure  by  these  meaoa  the  difference  of  rate  of 
nenouH  trHn:<misMi(m  iu  perKOii«  of  diGTcrviit  temjK-mment ; 
aXso  tbe  time  occupied  in  forming  an  elementary  judg- 
nent;  and  suggests  vxpurimt^'uts  and  methods,  by  means 
of  which  tbe  mental  faculties  of  different  pi-rsons  might  be 
mea^urv)].  Thai,  there  is  great  room  for  original  investi- 
g^tian  and  discovery  in  i\m  direction  appeam  certain ;  and 
it  is  to  be  hoped  that  the  subject  will  soon  be  experimen- 
tally Investigal^^i.* 

i^faoy  experiments  bare  already  been  made,  chiefly  by 
Qcmuin  invcvtiitators,  on  the  speed  of  nervous  transmis- 
aoa.  According  lo  Block,  tbe  *  rapidity  of  the  nerve 
current  in  the  spinal  cord  is  I'H  metres  per  second ;  in  the 
nerves  133  metrrs  pi^rscMMnd;' otJiereicpcnint^nUliKtH  had 
previously  found  lower  ratea  of  rapidity  of  tbe  ciurent  iu 
■en*>ry  nt^rveK,  rist. ;— '  94  metres  piT  second  (Koblmuscfa), 
&  "  ibolu:),  41-3  (Von  Wittieh),  34  (Hii'scb),  30 
(:~  ,,  and  Uti  (I)c  Jaagi-r).'*     And  Profewor  Dondcfft, 

of  Utrecht,  has  invented  what  lie  terms  a  NiH*niatacho- 


•  JMm>n>M,  \a([,  i&,  IST7,  p.  £18. 
>  Sm  Atlmiunm,  Ocu  SG,  1877,  p.  U43. 
'  ili-ui.  loi.  i.  p.  133. 
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graph,  for  rejiistering  the  time  occupied  in  psychical  pro- 
cciffes,'  Bf  means  of  tMs  invtrtimcnt  hi;  \ia»  fuund  tliat 
thr  iiinoiml  of  time  rv<|uired  bj  a  nuin  of  middle  nge  to 
perform  a  single  act  of  thought  is  about  the  twentr-GfUi  of 
a  second.' 

'The  department  of  physiological  pflvcbotogy  has  be«ii^ 
lar[jcly  carried  on  by  help  of  t-k-ctric  ^tiniuUtion,  a  mixle  o; 
exiK-riinent  introduced  by  Kitter,  improved  ou  by  I'urkinj 
and  others,  greatly  elucidated  by  the  celebrated  rcse^'orcb' 
of  I>»  Roi*  Rcymoini  atid  lii.*  followers  into  the  elwrt.ri 
phenomena  of  nerve,  and  giving  promise  recently  of  throw-, 
ing  light  not  only  on  the  iictioii»  of  the  sduee,  but  also 
those  of  the  central  organs.      It  is  impowsibie  to  review  i 
detail  the  long  scries  of  invcstigntious  relating  to 
dtmonitions  of  ftennations  which  have  been  carried  out 
German  physiologists.     They  date  back  to  a  period  aot»*' 
Cfdent  lo  that  of  Miiller,  though  ihey  have  only  ^«0l^nUy 
been  carried  out  in  a  systematic  way  by  a  kind  of  ecientifio 
concert.   The  ivsidt^  thus  oljtaincd  arc  veij  ubnndnnt,  uiid 
mu^  b<:>  (HiUiiidercrd  &»  a  valuable  addition  to  Mif  pbyi«io- 
logical  basis  of  psychology.     They  include,  among  othe: 
points  iipproximat*i  dcttrrninHtidiis  of  ibt-  degn.r  or  force, 
and  iil«)  the  duration  of  stimulation  neetrisary  to  the  leant; 
pOKible  sensation,  of  the  changes  in  a  sensation  eonsequen 
on  th«  prolongiil  I'll)  iif  a  given  ^tiniuIiH,  mid  of  th<-  pn.-cise' 
duration  of  a  sensation  after  the  slimuhtion  has  ceased. 
This  (|uautituttvc  dvU'rminutioii  of  iH-nii»tion  wus  naturall 
f  carrit-d  out  in  the  fimt  iuslaiu-e  in  the  department  of  vivita 

L  iropre«<aion.      Khrenbeig,  Johannes   >Iidler  himself,  aoi 

■L        Plateau   may  he  mentioned  among  those  who  lirit  ami. 

I 

L 
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<  Calaiojttt  0/  Special  Lain  Cofltetiim  <if  ScitntiJU  Apjiaralm,  Sr<] 
Rilli.,  Stu'ii  K«iidngton  Hnicam.  IH!*,  p.  tHlg. 

A^mec    Con/trtact,   Ihnilb    Kvusiot^u   MnsecHs,  18?fi,  toL   It. 


UTDtnCATKUI  OP  TU»  FBOCBS  Or  T1I0D<iBT. ' 


m 


in  buildiog  up  this  part  of  the  science  of  the  seiiaes.  It 
U,  bowvviT,  b>*  tliu  Idbaura  of  mure  recpnt  Id  vest  ijrd  tore, 
inctodiug  Volkmaun,  E.  \.  Welier,  Fecliuer,  WiiDdt^  aiid 
Uclmh^'ltz,  tli&t  lliP  qtiantitative  appredniioD  of  stti^itioii 
hiu  bevn  muoly  UM:oinplii>lt»l.  Wcbu'ii  nrAiriirch^A  iiitu 
the  limita  of  diecrimiiiative  sfUsibility ,  directed  in  tUo  firat 
imibuice  to  tliv  imprvsGiouK  of  (lie  tactile  Hiirfac4.%  «ik1  kx- 
t«iuled  bv  hituseli  and  other*,  HelmhotU,  Koreteri.Aubert, 
to  rctin&l  impre»)iioii5,  mark  au  iinportaDt  et«p  iu  tti«  pro- 
grvcr  of  thin  nicUnNl  of  iftnd_v,  wbile  llie  yel  more  rtnruirk- 
sbte  general isationa  ou  the  tacU  tlius  <:ollect«d  reached  by 
Fet^ocTf  aud  formulut^'d  by  him  in  Ms  liimuu*  psycho- 
phjmii.'al  lair,  have  itervod  to  reduce  tbiii  departiuent  of 
obaervation  to  sometbing  like  a  distinct  and  cumplvtc! 
bmovh  of  tb«  mnvnve  of  phyniolo^^iual  pKyoliolo^iiy. 
Kecbiutra  employment  of  the  leant  recoguiasble  seuaatioii 
and  of  the  least  n-<;o<^ii»bIe  ditforcuce  of  sensation  aa 
constnut  iinilv,  th«  ARie  for  all  orders  of  iuiprewion,  must 
tie  rKgurded  a»  a  most  fruitful  extension  of  the  scope  of 
subjecti^'e  obeervatioa.  by  tbo  addition  of  uu  objective 
method  aD(]uire<t  in  the  region  of  phyaicat  researob.'  * 

'  Thew  esperiments  aim  at  detcrmiuing  the  duration 
of  the  procr!»rK  liivolvvd  in  recojpiiiiiu)$  a  uiutnentary  ex- 
Utntiil  impression,  and  in  recording  this  reoognilion  by  a 
ample  Toluulary  muvcmtnt;  and  tbey  aim  turthor  at  dis- 
covering what  variatiuun  in  ibiA  duration  are  brought  about 
by  T&riatiMW  in  the  tmpre^iou  and  ite  attendant  circum- 
staocvs.'  '  The  iwveml  stvps  of  the  proCe»*  hern  studied 
Itn  thus  marked  off  by  Wundt: — (i.)  the  transiiion  from 
tlw  organ  of  ttoit:  to  the  brain  ;  (ii.j  the  entrance  into  the 
field  of  view  of  consciousness  or  pi^rccptioii ;  (iiJ.)  tbc  en- 
liance  into  the  field  of  view  of  attention  or  iipperteplion : 
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(iv.)  tbc  nctioci  of  the  will  in  givine  the  iitfcewary  impetus 
to  lh«  motor  nerves;  and  (v.)  tbe  transmiasioii  of  ttii 
motor  «xcitHtit>D  to  tlii!  mu»c1c8.     The  first  aod  lasi  o: 
theite  iitageii  are  purely  pliysiological/ ' 

•  The  experiments  by  which  the  varying  values  of 
phyniologieal  timu  Imve  been  determined  were  origiua 
by  Beasel  in  his  iuveeti^iitiona  into  tbe  penonal  equation 
in  lutronomitail  obscrvut ion.  Tliey  linvv  xinue  Iwcn  further 
developed  by  Hir^ch,  Donders,  De  .laag^,  and  others,  mid 
in  a  special  manner  by  Exner.'  '  The  otiwrimenta  to 
cousidt^^rvd  fall  into  three  sbriea: — (i.)  tboiie  which  invceti' 
gat«  the  physiological  time  under  the  simpleet  conditio 
that  IE,  whoD  the  observer  (who  records  his  imprcBetOD)ii 
expecting  an  impression  of  a  certain  quality  and  »treDgti 
but  is  uncertain  as  to  the  precise  moment  of  ita  arrival 
(ii.)  lhii>e  in  which  a  change  in  tbe  physiolugii-iil  time  is 
effected  by  the  addition  of  the  favourable  circumatan 
that  tb«  exact  time  of  the  impression  h  known  befo 
hand  ;  and  (iii-)  those  in  which  the  physiological  time 
moditicd  bvihe  iutnidiictiou  uf  some  uu favourable  circum' 
stance,  a*,  for  example,  that  the  nature  of  the  impr«!wi 
is  unknown,  or  that  the  kind  of  mo^'ement  to  W  carri' 
out  in  the  act  of  registration  is  made  to  depend  on  t 
character  of  tho  impression,  and  cannot  therefore  be 
pan>d  for  in  llie  ttanie  manner.'  * 

Tbe  iixation  of  an  idea  depends  upon  the  high  dei 
of  impressibility  of  nervous  matter,  and  the  strength 
number  of  the  impressions  made  upon  it ;  each  rep-litioi 
deepening  the  inipn-Msiuu.  It  is  in  this  way  that  tb 
human  mind  gradually  becomes  a  representation  of  «xt«ni: 
nature.  Tbe  fixation  of  an  idea  also  requires  time  a: 
atteution,  and  i*  the  more  easily  eflected  the  gn-atcr  tb' 
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m  degree  of  inherited  tendency  Tavourable  to  it.  To  fix  no 
I  idm  lirmly,  it  lilioiild  receive  oar  undivided  att«ati(Ki,  be 
I  sluwly  ri.-[>eat4il  iii&iiy  Utuea,  and  be  MHucinUid  in  every 
I  poadble  way  witli  cofiriuite  ideas.  It  is  a  good  practico  to 
F  make  nv>t<^  of  all  important  idea^  and  read  tlieta  oocasion- 
•Ily.  Tbe  greater  de^i«e  of  interest  we  feel  in  an  iili-u, 
tlic  more  attuutjoo,  etudj,  and  timv  we  (five  to  it ;  and  tbe 
more  inlimalely  we  associate  it  witb  othei  important  ideus 
with  wliic'b  wo  ar«  familiar,  the  more  firmly  do  w«  iu^jMire 
a.  What  Wtt  bcvt  uudtTKtuad  fixi^i  itself  best  in  the 
memory.  Uut  of  the  way  in  wliicb  a  physical  sensation  u 
conn:rt4.-d  itito  a  mcutal  perception  or  idea  nud  r«corded, 
«r  vUx  vtr»d,  wi?  know  wareely  auything ;  and  this  is  not 
nrpnaiag,  when  wo  consider  that  we  know  as  yet  but  little 
of  tbe  Uiiy  iu  which  any  of  the  physical  fori;cM  or  actions 
of  nature  are  converted  into  each  other ;  but  it  is  highly 
prohablv  that  when  the  latter  are  discovered  (as  they 
|tfijLtliIy  will  txi),  a  tiimilar  explaiialion  will  be  made  by 
analogy  (or  for  other  reasons)  of  the  former,  and  that  it 
will  be  ftiuni]  to  include  a  conversion  of  niodco  of  mnle- 
ctdjir  motion,  lliert:  in  strong  rea-wn  for  believing  that 
many  pemutDimt  impre^uns  are  made  upon  tbo  brain  and 
luiud,  without  our  pcrccivint;  tki-m  at  th«  time;  and, 
imd'~r  suitable  conditions  of  sub^cqiteut  excitement  (by 
■-''  or  othcTwiitcj,  they  become  evident.  Some  remark- 
;.Ue  iniianoes,  adfonliog  evidence  which  supports  this  cou- 
diuion,  hav«  been  r««orded.' 

llift<  rent  idvas  mjiiirc  very  different  degiww  of  time 

inl  atleotion  in  order  to  realJitK  theiu  with  equal  distinct- 

lu^  Mwl  some  cannot  under  any  conditions  be  as  clearly 

'  ired  as  o<h«r».     The  pi-rceptiou  of  a  )Win»ation,  or  of 

~'  -lea  of  the  simplest  and  least  abstruse  kind,  re<|uire« 

■  Soo  CMiwuUr's  JUfMtu/  I'iyiMiyf,  p.  (37. 
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scarcely  an  appreciaML-  amount  of  eitlx^r  tim«  or  attra- 
liiin.  That  of  a  compound  idea  is  li-»  emily  or  qiucklj 
formed.  Tho  mental  realisation  of  a  compai-ieon  occ^pit 
mort-  of  our  time  and  atlontioQ.  And  that  of  an  i[if«> 
an  aWniM  id^a,  or  of  a  composit*^  panoramic  one,  roiuir 
a  EttU  greater  and  more  prolonged  mental  elTort,  and  cunood 
undw  any  circimistaneeji  bo  as  diittinvtly  conceived  a*  : 
simpler  or  less  abstruse  one,  and  we  usiiatly  clearly  per 
ccivo  only  its  Hdicnt  points.  Ttio  furtbcr  an  idea 
removed  in  any  respect  fntm  our  actual  experienoe, 
more  difficult  i»  it  to  realise  it ;  we  can  more  aociu^t 
imagine  one  tban  onv  thoinuind,  or  tliaii  a  (honKimdth 
of  one ;  a  second  than  an  hour,  or  a  thousandth  part  of 
Bocond :  an  incb  than  a  mile,  or  a  thousandth  pmi  of  ai 
inch,  ami  :<o  on. 

ITie  ac^iuisition  of  ideas  depends  largely  upon  ohser 
vation;  and  obwrvalion  i»  nnually  a  sLat«  of  <!niiw)< 
p<?rcfption.  Observation  is  either  automatic  or  voluntary 
Automatic  observation  is  that  which  occurs  indepcnde&tll 
of  ourwill,and  is  the  spontaneous  r«siiUi>f  tbi*  various  ano 
(^vcr-changing  causes  which  excite  oiu*  perception.  \'oiun- 
tary  observation  or  attention  i«  a  couKcioiis  mental  effor 
to  perceive  an  object  or  idea  already  present ;  it  is  that  il 
which  the  will  also  operates,  to  intensify  the  action  of  tli 
nen'ous  power  flowing  to  the  organ*  of  scnjte  and  pcrc 
tion,  by  means  of  which  we  oWrve. 

Much  of  the  hucccsh  in  original  scientific  ri'^<'»roli 
depends  upon  the  will.  Con6.cioUB  mental  effort  is  m-ceiwar 
to  a  grmtcr  viieut,  p^-rhnps,  in  this  occupation  than  iri 
any  other,  because  the  subjects  are  more  novttl  and  alntrus 
TIk  moft'  dif!icult  tbc  mental  labour,  the  greater  must  I 
the  dvtcrmi nation  and  i-niTgy  of  thought  n-qiurcd  toi 
it.     Without  the  powerful  exertion  of  volition,  many  i 


mnst   ituportant   di^ooverieo  iroiild  never  have  heea 

AUeutiiHt  ia  the  «siMMittal  condition   of  fnrinatinn  of 
Lij;h  inlf'llect.     In  oriEinal  research  wt-  r<-qiiire  to  employ 
the  will  III  lixiDg  our  iittvutiou  whiUt  acquiring  and  cum- 
poriog  iilestB :  aUo  in  an  increasing  dcgr««  wliilitt  forminj^  | 
geoeral  mnceptioiiE  and  drowiag  iafcreDces ;  and  eepedaUy ; 
whilift  itnaginiug  new,  ah«tr»?)c-,  and  coiripI«x  hjpathcsesj 
and   explanations,  and  carrring  on   prolonged   traiiu  of  I 
(lifBcolt  tl»oii;;))t.     All  t^-ut  diKcovi-rers  huvi;  possessed  in 
■  hi^b  degree  the  power  of  conccatrating  their  att«DtioD, 
and  ffewcon   waa  a  «onspicuoua  example   of  this.     I>r. 
LirinprtoDc    altH>  wns    Mi:    to   vrrit«,    «vcn   tinder  the 
tntMt  distracting  conditioDR,  the  account:*  of  hiK  geo^rrii- 
phical  discoveries.     Attention  may,  however,  be  excited, 
iMt  only  hy  DicanK  of  volition,  Ixit  hy  any  of  the  numerous 
other  intlueDcea  nhioh  act  upon  us :  and  either  of  ihne 
mar  be  Ui«  »tronge«t  and  over[Kiwcr  the  other ;  but  hy 
kiDg-eon tinned  and  suitably  cultivated  habits  of  >^iidy, . 
Ilmt  coRcentrBtiou  of  attention  and  tboti^ht.  which  was  at 
Brrt  extremely  difticidl,  and  required  t)ie  titmo«t  exertion 
al  the  will,  becomes  not  only  quite  voluntary,  but  more  or 
1m8  8piHitAn(x>u;«  and  easy.     It  i#  by  practice  of  attention 
tkat  the  mind  uctiuires  the  greatest   power  of  nustain- 
ing  it,' 

Attention  it>  volitional  obtiervatton,  a  conHcious  etate  of 
tomon.  Without  that  stronger  degree  of  mental  pen!e|>* 
lioo,  known  as  attention,  midtitudes  of  objects  and  ideas 
*iild  either  not  lie  perceived  at  all,  or  not  lie  clearly  per- 
ttivMl.  *  We  shoidd  aoru«tom  ourselves  to  make  attention 


■  1  taikis^  tnaiatMW  of  ibe  power  of  aii«Dii(in  In  r«Dd«rinK  the 
MM  UDOonaeinus  of  exoUinit  cltcn^l!■T»no:u^  In  O^i^ny  St.  IItI»ire, 
ItfUi;  tlir  ilcg«  o(  Alexandria,  U  duicribed  by  Biunerlon  in  TItr  /■- 
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enlirvly  the  instnimeDt  of  volition.      I<<4   tb«   will 
deterniinad   by  the  conclusions  of  reason — by  deliberBt 
conclusion?,  and  tlien  let  attention  be  wii-ldcd  by  both.' ' 

Oreat  power  of  attention  is  indispensable  to  the  at- 
tainment of  eminence  as  a  scivntitic  invrgtigator.  So 
important  it  tbiti  power  tn  original  scientific  re«<!iirrh, 
that  it  i»  considered  to  constitute  the  chief  mental  differ, 
enoe  between  ttie  ubilitici?  of  ordinary  tnen  and  of 
most  eminent  discoveren. 

A»  idea^  are  tli<?  Viastg  of  al!  mental  action,  and  ar 
almost  infinite  in  number,  each  man  must  be  content 
poai-ew  only  a  comparatively  small  proportion.  As  also 
can  acquire  only  a  few  at  u  time,  unlesii  be  iii  witling  to 
the  entire  creatiu-e  of  circumstance^  and  to  be  carrk 
hither  and  thither  by  the  influence  of  every  impreMdo 
he  will  need  to  i^elect  and  aciiisire  them  in  siiich  aa  ordc 
at  will  bwit  promote  his  well-being,  his  tie If-im pre  venae 
and  the  formation  of  his  de^irt^d  mental  chnnctei 
tion  of  idciis  is  performed  by  the  intellect :  the  will  neithc 
selects  ideas,  nor  determine:*  their  order,  liecaiune  it  cant 
compare  thiof^  When  we  select  ideas  it  is  alwaya  i 
sevcrnl  or  many.  We  compare  and  discriminate,  dig-" 
tin^iish  their  similarities  and  ditfereneeis  aiMl  by  on  act 
of  the  reason  infer  which  arc  the  most  suitable,  and  tlico 
decide  upon  tJtfrn  by  the  judgment,  and  reject  others- 
The  will  then  proceeds  to  carry  tbem  into  effect  by  ex- 
citing conseioiu  ini;ntal  effort  for  the  purpose.  In  most 
ctHes,  however,  the  will  is  excited  to  ad  by  the  fwlinys, 
without  the  use  of  the  judgment,  and  in  that  cai*  die 
ideas  are  not  Melected  at  all,  heeaufe  the  fe«'liDgs  are  blind 
and  cannot  select.  It  is  by  means  of  this  power  of  tielcc- 
tion  of  idea))  that  the  mind  can,  as  it  were,  attract  or 
repel,  absorb  or  rejpct ;  and  by  associating  in  our  minds 
'  Dr.  Fcnier. 
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only  tbofle  conjunctiva  of  ideas  which  represent  the  cor- 
respontJiti};  <.-onj unGtioQ!<  of  objvct^,  iit IrihuU-if,  tmd  rpla- 
tioB*  iu  (he  exleriial  world,  the  mind  beooined  a  tnithfiil 
imaf;r  of  luiture.  TbU  coOMtituteo  a  Inrge  f>»rt  of  the 
ptWMrss  of  educaf  ion. 

It  is  iK-ct-Ntiiry  not  only  to  lU'iuirt-  and  ttton.^  »cientifio 
i(]t!Sl^  I'lit   aim  to  remember  and   recognise    them,      it 
would  oot  be  of  much  use  for  uh  to  8tor<.-  our  minde  with 
Uiongbt«,  ifi  when  we  require  to  use  them,  we  had  to  wait 
for  their  rcappvaranrv ;  uor  would  it  bi- » iiiui-b  more  per- 
fect amngeraent  if  we  could  recall  but  could  not  recog- 
aiec  them.    Wv  recall  and  r^-co^iite  idcutt  by  mc4tn«  of  an 
ou  of  mi^mory.     Without  im-inory  ther«  could  be  no 
ital  development  or  education ;  if  we  had  not  memory, 
our  otliiT  mental  powers  would  Ixt  ncnrly  umOcke!.    It  sup- 
plies us  largely  with  the  material  for  thought  and  n-flti-- 
tum.     WlicD  FaiudayV  memory  faik-d  htiu,  he  was  unable 
to  make  auy  mor«  diecoveriee.     Memory  is  coIie<ion  of 
Dimtal  states  ;  it  is  by  me4in»  of  it  that  wc  arc  enabled  to 
rcprodiiM!  paMt  ideas  and  conacionfl  mental  )itatei(,  and  to 
recognise  them  as  such,     Locke  says  memory  is  the  power 
wbicli  t)ic  mind  hiu  ^to  revive  pi-rti<-ptii>n»  which  it  once 
iisd,  with  this  additional  perception   annexed   to  them, 
that  it  has  bad  them  before.'     If  w<-  could  only  niproduce 
our  ori^^ina]  feelings  and  ideas,  but  not  recognise  them  as 
prior  experiences,  our  previous  life  would  appear  a  blant,  ' 
and  we  could  not  ideutify  ourtielveii  with  ouri^lvea  from 
time   to  time.     On  memoiy  therefore  depends  the   con- 
9cioun»«£  of  pcrsoDMl  identity,  and  largely  !i1m>  our  power 
•4  identifying  preaent  things  with  their  existence  in  the 
past.     Memory  is  internal  pi;r<f-ptiou,  and  ix  that  o]>er*- 
tioQ  of  inti-rual  perception  which  is  not  directly  caused 
\if  external  circumstances ;  all  perception  is  really  internal, 
Ut  may  be  excited  either  by  external  or  internal  causes. 


OEXXItAL  TIRW  AXD   IU?I9  OP  SCntRTIFlO  RKSMUm. 

Memory  is  pott^ntial  cerebral  imprctwion.     Tlir  powi- 
bility  of  it  npp^rn   to  dcpi-nd  c^itrhtially  upon  physic 
chsngci'  prodiicrti  l>y  impn^Ktinnii  in  the  cortical  layers 
the   cprebrum :  and  the  Rmoiint  of  tJiis  cban^;  uppear 
lo  bt*  Efifut<*t  with  tho.w  imprc»nons  whitrh  are  the  mo 
vi^^d  and  tht-  most  finjily  fixrd.     That  memory  is  due  t<l 
Buch  oi^anic  chanitv  and  aptitude  is  xhown  by  th<>  &c 
tliat  Bonn'timee  ideas  which  have  Wen  entiirly  forgoU 
are  recalled  by  tlio  action  of  diwii^c  or  other  exeitenic 
of  the  brain :  and  that  it  depends  upon  the  state  of 
brain,  and   upon  all  bodily  conditions  that  affect   thi 
orgran,  in  shown  l>y  uhundnnce  of  evidence.     '  ft  may 
quentioned  whether  impressions  are  really  left  upon  ok 
niindK  by  anythinf;  eUe  than  ideas;''   and   this   is  in 
accordanee  with    the   fact,   that  we  cannot  as  dtBtin<!tlj 
rcDicmbcr  pain  itself  as  the  idea  that  we  mitfered  it, 
that  the  ineiiiory  of  an  object  is  generally  very  much  It 
\ivid  Ulan  the  sensation  produced  hy  the  object  itself.     Vt 
also  usually  prow  much  more  quickly  out  of  remernbrnnc 
of  !i«-nsationa  than  out  of  ttiat  of  ideas,  partly,  however,  it 
con«equenee  of  the  latter  beinfi;  more  frefjiiently  repeats 
It  i*  prohalilv  owinf;  to  an  action  or  property  of  ner\-oii 
matter  analouous  to  elasticity  that  the  permanent  idea 
immcdiatidy  ry-sultinp  from  a  sensation  and  impression  ii 
fwbler  than  the  sensation  itself. 

The  more  purely  physical  the  impression,  the  letw  i% 
it  Tifually  retaint'd  in  the    memory.     Our  rcmembranc 
of  preat  physical  pain  or  pleasure  is  extremely  inade<)tuit«t 
that  of  tttficn  is  less  permanent  than  that  of  sounds, : 
of  sounds   less   than  of  sights.     Sight  is   also  the  □)« 
refined  senro,  and  yields  the  least  palUnff,  the  piircft 
most  cnrluring  of  sensational  enjoyments;  but  our  mc 


*  OupCDtcr'a  MetOal  Phfiiith/jiy,  p.  431 . 
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moiy  of  all  seiLottimtii  may  lie   improved   by  means  of 
proper  <ii»ripIiDe. 

■  If  it  t«  OHked,  How  can  th«  brain  be  the  organ  of 
toemory.  uIimj  you  suppose  its  »iil)*tiincc  to  be  ever 
chaojfing  ?  or,  IIov  is  it  that  your  aa^nmed  nntritivo 
c>i»ngc  (>f  *]1  the  prliolear  of  the  brain  in  not  us  destruc- 
tive of  ail  memory  and  all  knowledge  of  sf^nBuoiis  thiiijjs 
an  thtrir  ^uddvn  dc«tniotion  by  «()nie  ^nit  injury  is?  Uie 
aitiiwrT  is  betaiise  of  the  exactness  of  ati^imilntiDn  act-om- 
pUshed  iu  the  formative  procciw ;  tlic  effect  ODce  produced 
by  an  imprcwion  upon  (htt  brain,  whether  iu  pen-eptiou  or 
inteJlectiinl  act,  is  fixed  and  tlit-re  retained  ;  liecause  the 
part,  be  it  wliat  it  may,  wliicb  has  been  thereby  eliaufied, 
ifi  exadiy  represented  in  the  part  which,  in  the  course  of 
nutrition,  sncceedfi  to  it.' ' 

Tht>  |wrsi«t/;ncy  of  ideas  in  memory,  like  that  of 
forms  in  vegetables  and  animals,  Ac,  is  probably  a  conge- 
4]ii«ncc,  and  one  of  the  numerous  forms  of  mniiifii>talion, 
of  the  great  principle  of  persistency  of  force.  I'eraietency 
qf  form  di^pcTids  upon  repetition  of  simitiir  causes.  A 
body  in  a  »tat^  of  motion,  tends,  under  a  continuance  of 
tli«  »ame  eonititions,  to  continue  in  tbut  state  of  motion 
tmtil  pomt-tbing  zri*#r  (o  prevent  it,  and  thus  give*  rise  to 
a  continued  »eries  of  dmilar  effects,  as  in  the  reproduction 
')f  similar  forms  or  impre»iii>n«. 

Tl»c  power  of  receiving  impreaaions  which  may  after- 
nrds  be  revived  or  recalled,  is  not  confined  to  living 
ivrebnl  mutter,  but  dxixta  also  in  inanimate  substances, 
ud  t-ven  in  metiits;  for  instaucv,  in  all  latent  photo- 
eripKic  impressions  before  they  are  developed ;  «b«>  in 
»hat  is  kuiiwn  iis  Mover's  pictures,  and  in  Chinese  mirrora, 
&S  the  latent  images  of  which  may  be  developed  at  any 


hH;«<i  Ltftnrtt  «it  HurgiMl  Faihetogy,  vol.  I.  p.  C2. 
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^H  time  1>y  simply  breatbiof;  upon  them.  Other  CH^nic 
^H  solids  baKidvM  Itraiii,  which  aUo  grow  kikI  decay,  pi-r- 
^f  petiiate  impression  a :  for  instance,  the  Eeed  of  phitit^  iuu] 
P  aoimnls.     Physiolofjy  KiippHr:'  itisuiy  insUiBow  of  actions 

L  ooalogoiiK  in  Home  decree  to  mt^mory;  the  effect  ofemnll- 

^U  pox  inoculation  is  an  cxumple.     '  If,  on  a  cold  polished 

^H  pir<H-  of  nulla),  any  object,  as  a  wafer,  lit  laid,  and 
"  metal  then  be  breathed  upon,  and,  when  the  moiiitu 
htt*  had  tiini-  U.t  diiiiijipear,  the  wafer  lie  thrown  oflT,  thoi 
now  upon  the  jtoli.Hhed  surface  the  most  critical  inspei'tiotl 
can  discover  no  tracir  of  any  forin,  if  we  breathe  upon 
iti  n  Kpe<!tral  figure  of  the  wafer  comes  into  view,  and  thia 
may  be  repeated  again  and  o^iin.  Nay.  I'vcn  more;  if 
tho  poluchfd  metal  ]>e  oarefuliy  put  a^ide  whore  uuthiug 
can  deteriorate  ita  surface,  and  Ijg  so  kept  for  many 
month*,  oven  for  a  yoar,  on  hri'athing  again  upon  it,  the 
vhadowy  form  emerges ;  or,  if  a  sheet  ot  paper,  on  which  a 
key  or  other  object  is  laid,  Iw  caiTied  for  a  few  moments 

■  into  thf>  Mintihine  and  then  instantaneously  viewed  in  tbe 
dark,  the  key  beinj^  rimultunwusly  removed,  a  fading 
spectre  of  the  key  on  the  paper  will  be  seen  ;  and  if  the 
paper  be  put  away  where  nothing  can  disturb  it,  aiid 
kept  for  many  moulhii,  at  thu  end  thereof,  if  it  be  cairli 
into  a  dark  placv  and  laid  on  a  piece  of  hot  metal,  tl 
spectre  of  the  key  will  come  forth.  In  the  cases  of  Ixidi 
more  highly  phosphorewtMit  than  paper,  the  »|>eetres  oi 
many  different  objectd  which  may  have  been  io  tuccesei' 
laid  ori<;in;)lly  thereupon,  will,  on  warming,  emei^ 
their  pix>per  order. 

Tbese  illii»trationt>  show  how  trivial  are  th«  pliyeii 
espressiimi'  which  may  l)e  thim  registered  and  pre«ervi 
A  shadow  is  said  never  to  fall  upon  a  wall  without  lea« 
thereupon  its  permanent  trace,  a  trai-v  which  might 
hie  by  resorting  to  proper  proceasee.     All  kini 
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of  pliDt»gm|ihic  drawing  are,  in  their  degree,  example*  of 
Uiis  kind.'  * 

AH  nerve-matter  is  not  only  highly  Imprexttiblc,  but 
retentive  of  the  t-ajMniity  of  n-prwliicing  the  impreit- 
>□.  The  great  distinction  betweeii  ihext-  iictions  in 
inanimate  bodies  and  that  of  memory  it>,  tliat  the  latter 
al*o  incliuic*  n-cogniiion  of  agret^mcnt  with  [ircvioua  im- 
pressions, and  this  is  effected  by  the  powers  of  ob!tt;r\ation 
and  comparison.  Wv  p(i«Hb;#  u  gi-eat  number  of  repro- 
ducible montai  impressionir,  without  being  aw.irtt  of  it, 
OF  the  multitude  of  iiupnvsidiiit  via  consciously  experi- 
ei>ec,  w«  n^tain  in  a  permanent  form  the  ideas  of  only  a 
small  proportion.  The  i<I«i"§  we  permanently  retain  are 
either  blindly  nfoeived  or  intt-Uigently  »tflectcd ;  and  we 
knowingly  retain  in  a  latent  state  in  our  memory  only  a 
»ery  small  part  of  tliem.  As  we  tan  oiily  hnve  con- 
fciouslv  present  in  our  mind  a  few  ideas  ai  a.  time,  nearly 
all  our  mental  posAeittions  arc  latent,  and  nearly  tlie  whole 
or  our  ideas  are  stored  uj)  in  a  bidtlen  and  potential  stat« 
tn  our  l>miiiK,  rfady  for  use  on  future  occasions. 

We  usually  aasociate  in  thought  the  idea«  of  thingx 
whic}i  lire  n.'>«'>ciii1^d  in  nature;  for  instance,  reduesa  with 
copper,  hardness  wiih  iron,  elasticity  with  steel,  india- 
mbber*  sad  giueii;  and  we  do  thin  in  accordance  with 
wtlM.  has  been  termed  the  Maw  of  contiguity.'  We  lUw 
UBOciate  together  in  (bought,  in  accordnuce  with  what 
ban  IwGu  t<'rmed  th«  '  law  of  similarity,'  ideas  of  things 
which  are  similar,  but  arc  not  necessarily  associated  in 
aalure.  Thus  the  idea  of  rcdneiw  wc  aijHociatc  with  the 
iibu  of  all  things  we  know  to  be  red;  hardne^  witb 
those  of  all  tbingB  we  know  to  Iw  hard,  and  so  on.     In 


'  J.    W.   Dn^)«r,  ll.D.,  ffunuin    PhyioUjy,   p,  389.     Xcw  York, 
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Accordance  witli  these  law^  the  i  in  press  i<]n#  made  iipoo 
the  brain  by  MeDsutious,  omotioDH,  itnd  idoa^  are  linked 
tu|{cLher  liy  asaociatinii  and  linbit,  in  triiiim  <jr  diverging 


ound^ 


serifitf ;  and  in  a  well-arranKcci  mind,  much  in  the 
oitlvr  a»  th«  ej[i!(lence«  which  they  raprvw-ut,  tiro  bound' 
together  by  the  laws  and  principles  of  nature.  The  great 
truths  of  nature,  therefore,  should  be  the  *  centTsl  ideas  * 
of  mind. 

The   action   of  memory   in   rocalliii(y   ideas   depen< 
ctisentially   upon  this   latent  association  of  iinpiiTS.'iiuQs. 
Whf-n  any  idea  in  a  scries  is  esciUrd,  it  tends  to  rai; 
both  'contigitous'   and  'similar'   ideas;   eerpcciklly 
foi'uiei',  becau!^e  tbo  br>ud  is  ilw  strongest.   Thus,  that  oi 
reduL'«i>  in  iitetals  tends  to  raise  the  contiguotLt  idc^as  which' 
oimtititute  the  compunind  conception  of  copper,  and  aloo 
those  of  any  other  suhstiincv  of  similar  c^iluur.     The  id 
of  magnetism  tends  to  raise  the  idea  of  iron,  &c.,  mit 
conversely,  the  idea  of  iruu  t^rud;  to  raise  that  of 
uetiam ;  and  Uie  action  is  calltid 'associative  suggest! 
of  ideHS.' 

I'he  degree  of  power  of  MtiggeMtion  of  ideas  depem 
upon  u  number  of  circumstances,  and  is  diffeteut  in  vv< 
different  case.     For  instance,  in  the  mind  of  a  soienti: 
ntau  tho  idea  of  niagnetium  is  more  suggestive  of  that 
iron  than  that  of  iron  is  of  magnetism,  because  in  the  fi 
case  iron  is  the  only  i<ub»t^mcu  which  is  strongly  magi>eti 
whilst  iu  the  second  many  other  properties  beaide^  m. 
netimn  are  closely  Jisaociatwl  with  iron.     In  recalling 
compoimd  idea  or  group  of  ideas,  we  usually  at  first  reali 
som«  chief  or  more  vimplo  idi-ji  which  forms  an  e»senti 
part  of  it>  wid  this  recalls  the  less  powerfully  impresiied^ 

ll□|>■^. 

During  the  act  of  asKociative  suggestion  of  ideas, 
the  Of''  luirent  of  thought  and  reSectiou  in  quiei 
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life,  xihI  r)<}HH;ia)l^'  in  powerful  voIitioD,  additional 
flows  tbrou^fti  till*  bruin,  niiil  ciimGiit^  of  nt-rvv-foroe 
are  stipp'jwd  In  flow  fn>m  cell  to  cell,  and  from  part  to 
part,  of  the  cortical  grey  matter  of  tlio  ccmbrum,  and 
thus  cxcito  idcAM,  tlioii(;ht',  luid  rufloctiuii ;  nnd  ever  and 
«oaD,  ii»  occasion  requires  or  KtimuUtes,  a  portion  of 
nervous  power  diachai'Kes  outwards,  either  volitionally 
t»r  aHi'imaticiiliy,  and  produces  mtweular  or  other  action, 
wtiiiat  the  ideas  themselves  become  weaker. 

Mftnory  Ix-ing  in  it*  chief  action  piin-ly  antomntic,  we 
eannol  by  mere  effort  of  will  dij'ec'ly  recall  any  idea.  All 
that  we  can  do  towards  xucb  an  effect  by  means  of  volt- 
ijon  i«  to  excite  ta  a  higher  or  reduce  to  a  lower  degree  of 
inteueity  any  idea  that  i*  already  awakened  iu  the  mind  ; 
and  if  tliat  idia  happens  to  be  connected  by  mental  a^^o- 
ciaiion  with  the  one  we  are  in  search  of,  the  excitement 
extends  eiifiicivntly  to  the  latter  to  make  it  obscr^'ablc. 

The  will,  'by  concentrating  the  mental  gaise  (ho  to 
speak)  upon  any  object  that  may  be  within  its  reach,  can 
make  iw  of  thi*  to  l>ring  in  other  obji-cts  by  nwociut ive 
3ugj{estiaa."  'The  proceaa*  of  volitional  recollection 
*  really  consiet^  in  the  fixation  of  the  attention  upon  one 
or  tnnie  of  the  idejut  itlreaily  prtieiU  to  tlm  mind,  wliich 
nay  directly  recall,  by  suggefition,  that  which  is  desi- 
dented ;  (he  very  act  of  thus  nttfndmn  to  u  particular 
idea  serving  not  only  to  intensify  the  idea  it«e1f,  but  nht 
to  strengthen  the  utrKociations  by  which  it  is  connected- 
mtli  others.'  Kven  familiar  idea*  atv.  recollected  tliiw.  ]£' 
^t be  desiderated  idea  does  not  at  once  recur  wujjgeMively,' 
'«  then  apply  tJtc  «amc  proccM  to  other  ideas  whicK 
sively  come  before  ui*,  tK-Vcliiig  those  which  wo 
niee  as  most  likely  to  6ugge§t  that  which  we  require," 


'  Cwpcntcc'i  Mfntat  I'liytUlosi/.  p.  SO, 
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*  until  we  Pithor  giin-prtl,'  'or  jjjvc  up  the  pitrauit 
hupeleiit.' '  '  The  reproducing  power  of  the  tnetjory  alto- 
petlicr  (lepondit  tipoii  tin-  iiiitiir«  of  tlH>  as>MX-ia(  joiiit  bj 
whii'h  tht!  new  iden  is  linked  on  to  other  ideas  which 
have  been  prenously  rocord«l,  and  whirh  cuter  into  our^ 
Imbitiial  current  of  thought.'*  We  usually  aliio  recal^^ 
most  easily  what  we  best  underEtand.  The  aulomattc  ' 
action  of  the  roanory  is  also  provwi  in  ii  most  vlrikiiig. 
mannrr  by  the  occasional,  sudden,  and  uuexpeded  reoi^a^ 
leetion  of  thiujjs  nliich  wc  liavc  been  trying  in  vain 
rcmcinbtrr,  n.nd  have  therefore  dismi3»e<]  from  eon»ciov 
mental  action  ;  it  is  automatic  and  *  unconscious  cerebral 
tion  ■  nlucli  reprodiicft-f  them.  Wp  often  dt^tei-t  ountelves 
thinking,  aaying,  or  doing  sometbiug  unconsciously. 

In  onluT  to  recull  ii  forgotten  idira,  wv  voluntarily  pass 
in  review  a  numlier  of  ideas  which  we  know  must  lie,  or 
are  likely  to  be,  reliited  to  it,  in  the  hope  that  one 
othor  of  tlii.'M:  will  suggest  it  through  the  Itond  of  i 
tion;  ».e.  we  search  for  it  by  the  aid  of  ideas  with  whiclj 
we  arc  lamilinr;  for  iiistnnci-,  if  it  i*  tho  name  of  un  uuic 
we  pass  in  review  in  auccesjion  all  the  names  of  that  ol 
of  bodi«9  wf  c/in  think  nf,  itnd,  to  mnkv  tli'-  IiNt  m  com- 
plete a*  jioasible,  we  I^ke  the  names  in  alphalieticat  ordcr,j 
trying  with  each  consonant  its  combination  with  each  t^H 
the  vowoU,  and  are  t!iU!s  sometimes  enabled  to  select  a  few" 
names  which  sound  somewhat  like  t)ie  desired  one ;  iiuc 
by  further  similar  treatment  of  these  wc  usuully  lind 
one  we  »rv  in  stearcb  of.  A  similar  sound  isol^vn  a  power 
fill  nieajis  of  suggesting  a  lost  word,  and  we  have  Ijy  thf 
above  plan  <ilways  at  hand  a  ready  menus  of  making  it 
We  cannot  rweoUect  a  forgotten  idea  at  all,  nor  even  knoi 
that  we  have  forgotten  it,  unless  we  are  already  consciou 


Citrp«iiier'<  Mental  I'iyrwlugj/,  pp.  46Ti  4BS. 
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or  some  idea  more  or  k-tt^  related  to  it  by  awociation ; 
and  tilt!  nsMou  ythy  wt-  fml  xiir^.- 1  liat  wu  ir.-»l]y  posMW  a  latent 
idea  wbic^h  we  cannot  at  all  recollect,  is  because  ve.  always 
bavo  ia  such  a  cane  a  vuguo  rcniduaiy  pi-rcvption  of  the 
bond  of  asaociatiou. 

In  conbeqtienco  of  idcsM  beio));  connected  tof^tber  id 
divei^nng  gmiiptt,  and  Iiuk(<rl  together  in  (^hmo^  »r  iierieii, 
ftod  of  our  ability  aW  of  rt?calling  tbcin  after  a  lapse  of 
time,  if  tli«  mind  once  becoiii«H  stored  with  idea^  and 
even  if  tbe  senseB  are  lost,  tbe  memoiy  can  recall  the  pre- 
Tiouely  ucquinid  ideu,  and  tluis  Hupply  the  mind  with 
tnatcriaU  for  thought  and  refleciion. 

•The  order  of  learninjj,'  says  Vivcs,  'i«  from  the  tMjiUefl 
to  tbe  imagination,  and  from  ihU  In  the  intellect,' 
*  &om  tbe  simple  to  tbe  complex,  from  tbe  sisf^lar  to  the 
universal.''  'That  only  romaiQ»  r<.-Jidily  in  the  memory 
which  is  conceived  According  to  a  natural  order.  If  the 
memory  Iteoomefl  cnfcebliid,  it  is  with  rognrd  to  proper 
names  that  this  enfeelilt^iiirnt  ia  first  apparent,'  *  trratiolet 
affinos  that 'proper  names  disuppciir  tirst,  Uien  KubiitaQ- 
thwi,  which  are  tlw  proper  names  of  thiugt.  AdjecUvtrs 
or  tpiatiScatives  disappear  last,  ami  everything  disappears 
with  Ihein,  bccaufv  we  cannot  hit^c  au  idc>a  of  a  tbinf ' 
litdvpendently  of  ibt  (}tuilities.  We  rtniall  thing)>,  and  the 
Bunes  of  things  in  the  ratio  of  their  nei-essity.' '  I>r. 
Itard  nlwerveH,  *  tliut  Ju  tlii;  loss  of  memory  tbi-re  is  lirst  a 
foi^etfidnesd  of  names,  then  of  fliib«tantivii>,  then  of  verb*, 
ud  nest  of  adjootivcs.'  •  General  principles  are  mora 
easily  tvmenibcrcd  than  factif,  both  bccnuse  they  are  less 
in  number,  and  because  they  have  a  larger  number  of 
boode  of  iwEociation  in  the  mind. 


'  WiiL-lrvw,  0>ue%rt  ItiiciUfi  of  the  Ilratn  aid  Mind,  p.  3B3. 
•  Ihid.  |i.  SCO.  ■  lUd.  p.  ;i61.  •  Ibkd.  p.  SS». 
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11)e  iLCtion  of  the  meniAry  is  Dot  odI;  automatic,  but 
oilen  iiDcoosciouh.     Multitudei!  of  put  cxiMiii^iiwii  »nd 
)mprvg»iou8  coHtiiiimlly  nri«e  into  our  mental  Tjsion  witli- 
out  our  experieiK^iiig  any  conscious  exertion.     The  net  ofj 
oseocUtive  su^geHtiou  of  idL>a(t  is  vomt-tirnvs  attfudtrd  h 
coiuciotisneii^  and  aometimeii  not;   it  is  only  when   thi 
ideational  action  U  sufficiently  Htroug,  and  wv  dirc-ct  our 
obmrving  powcTK  upon  it.,  thiit  we  iif«ome  coniiutoiu  of  It. 
There  is  cogent  evidence  for  believing  that,  during  our 
waking  state,  prL'trigcly  similar  tr»in>t  of  tnvnlal   actioa 
occur  iu  our  bruin  wli<-ii  wc;  do  not  observe  them,  as  wbcQ 
we  do;  just  as  many  of  our  muscular  actions  are  bot 
automiitic  and  unobsen'cd  by  u«. 

Alt  ihese  reinarks  reapeutiug  the  memoiy  show  t 
importance  of  that  feculty.  and  therefore  the  importance 
of  educating  it.  '  It  is  said  that  Sir  Isaac  Newton,  »t  ou« 
period  of  his  life,  I'ntirely  forj^ot  the  contents  of  bis  oele* 
brated  '*  Principia,"  iu  conMe<[uaic'e  iif  hi»  ueglc(*ting 
exerciiie  the  memory.' '  *  It  is  a  fact  well  attested  by  experi* 
ence,  thnt  the  memory  may  he  seriously  injured  by  pix^t^ing 
upon  it  too  hardly  iiiid  continiiinisly  in  early  life;'  but,  'a 
regtdai- ftxercise  short  of  fittigue  is  improving  to  it.'  *  Tl»e 
most  valuable  way  of  improving  the  memory  for  scientific 
puqjow,'»  in  by  systematic  study  and  experience  of  KcicncCf 
and  especially  an  orderly  clussilicatioii  and  arrangement  of 
ideas  in  accordiince  with  the  gri-at  luinciple^  and  n-lations 
of  nature;  an  empirical  classification  or  arrangement  it 
much  less  cff«ctu»l.  Thcri'  ih  n  limit  to  the  numlier 
idtM«  which  the  human  mind  can  contain,  and  iicw  id< 
more  readily  obliterato  the  imprcKitions  of  old  one^  unlcM 
the  latti^r  are  associated  with  many  others  by  a  strong  bond 

'  WiiMldw,  Ohifiirr:  Diii-mri ./  rA-7  llrain  iinrf  Mind,  p,  680. 
'  Sir  Kcnrr  Ilollaod'a  Mcnttd  FUlhetogg, 
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i»f  vuiili^iiitv,eueli  as  that  sttppliMl  by  k  geuoial  priDciplc. 
To  dim'ipUlM!  the  memory  Ihurouglily,  and  esjiecially  to 
&oc|iiiro  ii  ready  and  accurate  use  of  our  kLowkdgt',  the 
idm»  sliould  be  r^allcd  from  timv  to  tiTn«  by  practice  in 
speaking  vr  wriliiig,  for  Ixird  Kacon  said,  *  Keading  makes 
a  full  man ;  wriiing,  au  at-cunitc  muu ;  au<]  speaking,  n 
nadj  man.'  Idt-iu  rcvivvd  by  the  memory,  especially 
during  the  tint  half  of  one'e  lift?,  may  be  made,  by  metuia^ 
of  study  and  repetition,  even  more  vivid  oitd  iMuhiring  Umn ! 
tbe  original   iiui>rr»i<in.t  of  them.     Our  uldeat  thoughts 

I     are  oflen  the  moiit  enduring,  partly  1)(?c-au£c  the  stniroriiim 
and  wrpbnim  of  young  pi.'r*i)n»  iirt-  usually  more  receptive 
of  inipfMsioDs,  and  portly  because  the  later  formed  partf  of 
our  physical  structure  arc  tJiwsv  wlijrb  imtst  c»rly  dege-| 
nente  and  decay.     Memory  hss  alsii  numberlesii  diiroaeea' 
■ad  affectioDS  whic-b  it  is  unneocHsary  for  mc  to  deircribe, 

fevlfn^  «eir-iitific  idea  is  the  result  of  a  definite  act  of 
I  power,  aoil  a  precise  portion  of  exUtiog  knowledge 
or  bdief,  and   its  limits  are  indicated   by  its   essentiiil 
ntark^  and  cltamcterLKticn,  and   not  by  its  coincident  or 
accidental  associations.     Each  object  and  idtta  fd«o  is  dia- 
tlngiiishctl   from   all   othrr   objects   and   ideas  by  |]io»«J 
thanicteriHtic  marks  only.     To  diKttngiiiKh  ■  metal,  there- 
bee,  wc  need  only  to  know  the  characteristic  signs'of  a 
mttil ;  and  to  recognise  copper,  we  require  to  know  only 
diatiuj^ishing  marks  of  that  aubstuiicc.     When  we 
lingitxh,  wc  »lio»'  n  difforfnce.     *  All  aits  acknowledge 
tlut  then  only  we  know  certainly,  when  wo  can  define ; 
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for  dcliiitl.ion   U  tbal.  whidi   rcfiiies  the  pure  cs*eii<w  ^4^ 
things  from  the  cirvmnstances.' '  ^B 

Ideas  nod  cxi»U^nof«  are  rcprcscnttid  by  tcrma  and 
phraaes;  and  as  terras  and  phrases  are  repreaoiitativus  of 
thouj^lits  and  thinjjs.  and  are  the  means  which  eoable  us 
tci  gpc^ak  shunt  them,  thi*  definitiontt,  dettcriptiotii*,  and  sx- 
plaoations  of  terms  form  a  very  necessary  part  of  science] 
and  he  wlm  wniiM  iiiideri>t;md  science  muet  Icitrn  tht 
meaning  of  the  special  terms  employed  in  it. 

The  use  of  symbols  to  rcprx^ttciit  ideas  and  groups 
ideas  i»  a  great  aid  to  thought.     Tlie  synalxds  of  al^el 
and  of  numher,  heing  a  condensed  form  of  langnage,  save 
still  further  thr  latimir  of  thinking.     SyraboU  eonble 
to  concentrate  onr  attention  upon  those  poinU  atone  whick 
they  represent,  by  excluding   coincidenoes   which  would 
distract  the  attention.     TTm  meanings  of  gi'oinHrical  dia- 
grams are  luualty  more  fixed  than  those  of  words.     Oft«u, 
by  putting  our  ideas  into  writing  during  a  research,  we 
perceive  them  mori*  olcarly,  and  preserve  th*-m  from  Ices 
or  change.      Clear  definition  and  description  also  greatly 
assist  research. 

'  I  may  remark,  in  general,  that  the  only  fK>rsi>o»  whol 
succeed  in  making  great    alterations  in  the  language 
scicucv  are  not  those  who  make  namen  arhilrunly  and 
an  exercise  of  ingenuity,  but  those  who  have  much  nei 
knowledj^t  to  communicate;  so  that  thi-  vehiclo  W  coc 
mended  to   gentjral   reception  by  the  value  of.  «hat  i^ 
contains.     It  is  only  eminent  disco^frers  to  whom   th« 
authority   is  conceded  of  introducing  a   new  syntf^m 
names;  just  as  it  is  only  the  highest  authority  in 
St.ite  which  haa  the  power  of  putting  a  new  coinage  i4| 
cirfuilation.'" 

■  Mllum, 

'  Wbcwell't  Piilateplg  o/ttu  Titduftive  Aritmm,  <k>\.  I.  pi  $UJ 
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In  ewry  science  we  Hboiilil  doiine  all  t]><>  tern»,  and . 
prure  all  the  propositions.  Evet;  itck-ntific  tvrm  reqiiin's 
to  Ik  dcliii^d,  in  order  to  enalile  tu  Ut  distinguisli  it  ftviiii 
all  other  terms.  If  atich  U^rma  were  not  d«?linecl,  tbey 
wo<iM  confuK-  our  minds.  Tin-  limitH  also  of  uuch  term 
are  iadicaled  luid  knowa  bj  its  dcfmitioti  ur  meaning.  A 
definitioD  of  a  term  or  tiling  should  ful61  the  following 
ecHidition»: — 


I.  Il  m»tit  Ik-  clwir,  and  not  lie  cxiiretsed  m  obecurc, 
ambiguous,  or  tigurativ«  language. 

S.  H  must  oontuiu  Dfitlwr  too  littlv  uor  too  much. 

3.  It  must  he  affirmative  if  (Kissibl^,  Ijec.-tusi-  a  thing 
cannot  be  ck-arly  d<:tined  by  stating  all  that  it  is 
not;  foriQ:<t»ncc,*iiolid'  cannot  l>e  dvurlj di-fiufd 
aa  '  thai  which  is  not  a  liquid  or  g-W 
It  tnust  not  contain  the  name  of  the  thing  defined, 
becanse  a  thing  canoot  be  dvfintid  by  a  repetition 
merely. 
\&.  It  ought  to  include  nil  the  essential  quitlitii.«  and  at- 
tributes of  the  thing  delined,  and  none  of  tbo  noo- 
esseotjal  onex.  In  ecii-ntilie  discaurae.  the  same 
term  mu(t  have  tlie  Kaine  rmi-^niug  att.'iclied  to  it 
throughout  any  one  chain  of  reasoning.  In  pure 
logici  bowevwr,  the  mcuuiug  of  the  terms  we 
r«aw>u  about  may  he  unknown,  because  wc  employ 
representative  symbols  in  their  stead,  and  operate 
not  upon  ideas  merely,  but  upon  forms  of 
thought. 


Words  ami  »otuid»  ext^it'^  idiiBM,  but  no  idea  exists  in 
!  vord  or  sound  alone.  A  term  is  a  mark,  used  to  in- 
"Urato  an  idea,  or  represent  n  thing,  and  may  consist  either 
t'  one  word  or  iteveiul.     A  oingle  term  should  properly 
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represent  Wt  »  single  idcii  or  tiling,  iiud  have  but  a  nng]« 
mcauing;  but  language  is  extremely  incomplete  and  im-j 
perfect.  Sometimes  wc  have  no  niune  at  all  for  »  tbingi  I 
ttnd  Koinctimt-M  only  one  for  a  very  great  number.  I'bua 
wQ  have  no  single  wfoid  which  mraiiB  '  undiiwovcrwi  uutli,' 
whilst  thu  niiiHv  John  Smith  hiut  Reveral  tliousand  meaa-1 
ing».  Some  ihutights  are  unutterable  in  words,  and  lan- 
guage entirely  fails  to  convey  their  meaning ;  in  other 
cwsv*,  many  idi-^  have  but  few  repreiientatives  in  lao-^ 
giiage;  thus,  lor  all  the  multitudes  of  ideus  of  shades  of" 
colour,  of  different  fliivour!*,  uifours,  HOund«,  and  fi-vliuga' 
of  pain  or  pleasure,  we  possess  only  a  comparatively  fe«r| 
representative  termK.  Siniil&r  thingx  id.40  xhould  Ix^  called 
by  viinilar  names,  and  dissimilar  ones  by  dissimilar  names; 
but  in  this  country  and  in  Germany,  in  the  case  of 
mugiietie  [Milarit i<-.4  of  ihe  triirth  and  of  a  uiagDAt,  1 
things  are  called  by  dissimilar  names,  and  dissimilar  1 
by  similar  unmi-)!.  Thu»,  wbiUt  wn  crall  ihat  part  of  the 
K;irt  h  which  possesses  north  polarity  the  north  pole,  thiit 
end  of  the  mujfnet  which  possesst^s  the  snme  property  we 
call  tbe  south  )>ole.  In  uo  tiubject  perhaps  are  the  mean- 
ings of  words  more  vague  than  in  tha,t  of  mental  science,  J^ 
and  thi»  Jirisi-s  elui-fly  in  conseipiuuec  of  our  retention  of  V 
ill-founded  metaphysical  ideas,  and  our  great  ignorance  of 
the  operation:'  of  the  Viriiin  and  mind.  \\Tieii  a  term 
represents  several  different  ideas,  and  has  nexeial  different 
meanings,  it  is  rendered  ambiguous  and  equivocal,  unless 
the  particular  idea  or  ui<»uiug  is  stnt«d  at  the  time.  Wei 
should,  therefore,  endeavour  not  to  attach  mure  than  ODa| 
meaning  Ut  each  term  in  a  single  discourse,  othi;rwi«e 
{.-ommit  a  fallacy.  Amliiguous  ittniiM  an-  dangerous  ii 
ments,  and  some  of  them  are  exceedingly  subtle  and  diG 
to  render  clear.  In  consetjuevce  of  the  more  definite  nature] 
ideas  in  tb«  simple  sciences.,  the  mor«  demoostral: 


OAJtCBR  or  mrrjonxo  Ajntorons  tekus. 


proo&  we  posses  of  tli?  cxixU-ncn'  of  tin-  things  llu-y  re- 
pmKiil,  the  ^'xtra  precision  of  scientific  languagr,  and  the 
great  tove  of  truth  utnon|*st  i<ciimliBc  int  ii,  uiiibif^iioi:^  tormH 
are  much  l«*s  frt-qnent  in  Lli<Me  sciences  thnn  in  anv  ntlicr 
MibjecUi.  The  number  of  wonls  iisfd  bv  different  persona 
loconvey  their  itkiM  is  very  difftrrcnt.  Ttnis  wfiiUt  .Sliiiki-i^ 
peaK  tfi  «aid  to  have  used  15,000,an  i;;norant  agrinilturat 
labourer  emplovs  only  »)>r>iit  ihrL-v  himdn^^l;  and  it  in 
Ktatnl  t)i»t  iK>  Australian  language  contains  term.*  c^xpre*- 
aive  of  numbers  exceedinp  four. 

Brovity  it  the  pith  of  mind.  Rrdiinduncy  of  lnnpiia;jc 
t*  nTver  fotind  with  deep  reflection.  Verbiage  may  indi- 
cator otM^n'ation,  but  not  thouj^ht.  He  who  thinks  much 
ays  but  Htllw  in  proportion  to  his  tlioughf,.  H«  »clix-t« 
nicb  language  as  will  convey  his  ideas  in  the  most  «- ' 
plicit  and  direct  roanin-r.  Ho  tri^  to  comprt-wt  as  much 
thoaght  as  poK-sihIe  into  a  few  words.  '  An  era  1^  fast  ap- 
proaching when  no  wriU-r  will  Ik;  n-ad  by  the  majority, 
save  and  except  tho**  who  can  effect  that,  for  bale*  of  j 
mauiiscript  that  the  hydrostatic  screw  performs  for  balea 
of  rotton.  by  condensing  that  into  a  p«Tiod  that  before 
iKViipii-ii  a  page.' ' 

Words  ollen  excite  only  very   imperfect  ideas,   and 
many  terms  are  comparatively  empty  of  im-aning  ;  and  it 
i*  iiy  means  of  familiar  and  extensive  use  of  such  tt-rm*, 
tJiat   ttyme   persons   am   enabled  automatimlly  to  make 
empty  4p<«c)i«^  and  writ^  shallow  efli)ay)>.     Al«o  the  in- 
aocmacT  of  thouRht  and  Inn^^iago  of  many  persons,  mho^ 
rvQturo  to  vpeak  publicly  to  their  fellow-^Tentiu^s  upon' 
the  most  momentous  subjects,  is  painful  to  behold,  andj 
wonld  be  diminiitlicd  by  propi^r  training  in  science. 

Jtlofft  scienti6c  ideas  and  terms  are  capable  of  imalym. 


■  CoUsr. 
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^^  division,  exclusion,  combinatioa,  permiitation,  nnd  tnuas- 
formation  into  vquivak-nt«  ;  unt)  us  thesu  propcrtie!)  largely 
belong  lo  the  subject  of  iDr«r«nce,  they  will  be  ilbu^traUid 
in  Chapter  XXXV[,  on  that  subjiwt. 

In  loj^c,  iHOst  UTm*  lisvi'  two  mvuDings,  viz.,  that 
in  extenKion  and  that  in  intensicpn.  A  tena  employed  In 
tbe  form^-'r  ti^axe  mpans  tlic  obji-rt^  to  which  the  term  oan 
be  api>li«:i1 ;  aad  when  uw^d  in  Ihi;  latter,  it  muuiH  thi< 
coUficUon  of  eaienUal  qualities  of  the  olgects  of  that 
_  ys*  naiQi'.  A  t«nn  '  in  inli^nnon '  dcuotv«  individuaU,  and  '  in 
.^  ^extension '  connotes  (|ua]itiefi  or  circuiii!itanc«i*.  For  in- 
stance, the  term  'metol'  mrans  in  extension  either  gol 
eilvirr,  lyipjM-r,  iron,  or  soiin-  otlii^  of  the  known  metals^ 
but  in  intenaioQ  it  means  the  collection  of  encntial 
qaalittoB  wliich  (■■>n«titute  s  mvtal. 

Si-ii-nlitii.-  tt-'mis  are  oft^n  in  puiv,  uud  are  usually 
classed  into  quiilitativc  and  quantitative,  positive  «nd 
ni'Kativc,  ]irivaliv«,  ximilar  aiid  coutrndictory,  eynoaynious, 
(■univalent,  absohit«  and  relative,  general  and  fingular,  in- 
dividual, abstract  iind  concrete,  Ac. 

Positive  terms  and  ideas  iLMially  inclicutv  the  presence 
or  poeaesuon  of  a  quality  or  attribute,  and  nej^livc  ones 
ustially  s^ify  the  aluenee  of  that  quality.  For  in-itance, 
'  combustible '  ond  '  non-combustible,'  '  darkucm 
•  li^bt  'ani  jxisitive  and  negative  terms  respectively.  Ni 
gative  terms,  however,  sometimes  tndiciit^^  not  ttte  an 
alKcufc  of  «  quality  or  attrilnite,  but  the  existence  of 
of  Jill  opposite  kind,  for  instaiiot-  '  in  combust  ibitit*^, 
Every  poi'itivc  id»^  b.i»  iU  negative  in  thought,  but  t! 
doc«  not  alwayg  esist  in  litogtiage  a  suitable  word  to 
press  it ;  Kiid  posittvi:  tenns  hiivc  not  always  (^orrcjtpondi 
nvgutive  ones.  A  negative  tenn  may  be  the  name  of 
tilings  or  idisut  to  which  the  corresponding  positive  one 

not  be  applied,     in  a  pair  of  logical  term*,  each  is  a 
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iM^tive  of  tlie  At]»i;r.  Ncgalivi*  ti.*rm*  may  Ix;  either 
nfaetract  or  concrete,  adjectivca  or  substaotives.  'Privu- 
Ijve  *  terms  indirati.'  tbat  u  thing  has  Wtrn  deprived  of  a 
(quality  or  attriUilftwhii-h  it  previoiLsly  )io«iw«$(!d,«r  inif^ht 
hoTc  brt.-n  capable  of  poiscssiny.  The  idea  of  cvciy  attri- 
bute, ijuality,  or  prcipL'rtjr  of  '  un  object '  iti  as  tnudi  real 
&9tbeoliject  pn9*.J9iiij,'it,or  as  I  he  idea  of  the  object  il.Helf. 
Mua;  of  the  uttri but'js,  &a:.,  of  objeots  are  not  directly 
perceptible  by  our  comtoiouraeaa,  but  a  knowledge  of  thoir 
vxiEtencr  i^  arrJTcd  at  by  rcoGoning  proceaeeii. 

Similiir  u-niui  iirc  tlioM;  wbicb  agrao  in  the  whole  oi  in 
part,  and  those  which  wholly  a^ree  are  'equivalent*  or 
' iynonyinoiw.'  Conlnidii-tury  tcrmii  are  tlmw  which,  as 
we  have  feen,  are  mutually  exclusive,  and  do  not  admit  of 
dinner.  Every  idea  may  have  a  contradictory  one.  Op- 
posite ttrma  are  o(t»;n  <;onf<>und<.-d  with  contradictory  unvs, J 
bwt  they  are  moat  properly  ap|>licable  to  casea  of  degree) 
Or  ifuantitativc  idca»  only ;  '  cold '  anil '  hot '  aro  opposite 
t^rms,  but 'cold'  and  *  not -cold"  are  contradictory  ones. 

*  Greater  '  is  not  the  contradictory,  but  the  opposite,  of 
'lees,'  because  there  may  be  tlte  intenucdtato  degree  of 

*  equal.'  E.tt.T«tDe«  of  decree  arc  oppoi^ites,  not  negatives 
or  ooniriidictoH«!t.  All  iiuaiitttMtiw  t«rm»  have  iuter- 
mcrliate  and  medium  degrees.  I 

By  ait '  utiaolutt; '  tenii  is  meant  one  which  '  is  loMedl 
from  connection  with  anything  else,'  jind  which  can  b«1 
thought  of  aloDC  It  is,  however,  doubtful  whether  any 
really  absolute  term  can  exUt,  iMH^mse  i-\KTy  idea  hiussomo 
rdation  to  tome  other  idea,  though  i^ometimeH  apparently 
only  ill  a  feeble  degree.  Every  single  exititing  thing  must 
form  a  part  of  the  whole  of  existing  tilings,  and  occupy 
h)  our  idviLK  a  part  of  the  oyntem  of  knowledge.  We  can 
only  form  an  accurate  idea  of  an  object,  or  class  of  objects, 
by  Koparattng  them  in  our  minds  from  all  other  objects' 
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to  which  (hey  are  related  hy  the  idi>a  of  ilitFerenoi;.  '  M 
stnliitr '  terms  cannot  be  properly  used  in  cases  of  degree 
A  '  relative '  term  repn-stftnt*  no  idcn  which  esnnot  be 
thought  of  alone,  but  only  in  relation  t<i  some  otlier  Uiva ; 
thus  the  term  'hca\T'  oiin  only  lie  thought  of  in  rolntion 
to  'I«is heavy'  or  'light:'  that  which  is  'bright'  can  only 
be  thought  of  in  connertion  with  that  which  is  '  leas 
bright '  or  'dull.'  Itelative  texms  are  incomm^'nifiirable, 
and  bare  oft<?n  no  real  counterpart  in  nature.  Orrela-  || 
tive  tennri  are  those  bnlonging  to  the  respective  relatire 

The  chi^f  diii-ision  of  t«rmB  for  scientific  pur|lo»ea  i^| 
into  generjil  iind  singular,  A  •  general '  term  is  oms  which^' 
may  he  used  to  denote  any  one  of  an  indefimlfe  number  of 
Rimtlar  ideas  or  things ;  as  the  term  '  gas '  may  tx-  applied 
either  to  hydrogen,  nitrogen,  ojtygen,  chlorine,  &c.,  or  tUMJi 
any  other  substance  jjossfissing  thu  general  properties  of  aS| 
gas.  A  '  singular '  or  *  individual '  term  is  one  which,  so 
long  as  it  is  employed  only  in  exactly  the  same  meaning, 
can  only  represent  a  single  idea  or  thing ;  and,  tmliko  a 
generiil  term,  it  has  a  different  inisining  in  every  diiTercat 
case;  and  again,  if  it  is  divided,  the  parls  cannot  be  properl^l 
called  by  the  saine  name  a*i  the  whole.  General  ideasand] 
terms  rcpre^-nt  qualitie*  and  properties,  which  have 
existence  independent  of  the  class  of  objects  in  wbicli] 
they  are  found ;  biit  »ingidar  ideas  and  terms  repreuenl 
individual  and  separately  existing  objects.  A  gener 
term  mnst  not  be  confounded  with  a  collective  one.  Whils 
a  general  t<!rm  is  the  name  of  a  number  of  objects,  hut  o( 
each  of  them  separately,  a  '  cnlleet  ivc '  term  is  that  of  a ' 
collection  «f  objects  combined  together  in  one  who]e.J 
When  we  generalise,  we  form  a  collective  term.  Soint 
terms  are  buth  general  an<l  collective. 

A   general   term  is,  in   logical   phraseology,  said 
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fomesa  a  greater  ^  esteniuon '  of  meaning  than  a  aingtilar 
or  individual  <ync,  becaiuc  it  iD<;lwic-»  u  gri.'atur  uumber  of 
ctlgwrts  ;  ami  a  un^lar  term  is  said  Co  have  a  gr«at«r  '  in- 
teosinn'  of  meaning;,  bwatice  it  iiicIud<.-»  a  larger  number 
it  iiuirki>.  For  in^ttance,  the  term  *  element '  baa  a  rullur 
extension  of  meaning  than  the  tvnn  *  metal,'  because  it 
includes  not  only  tlid  wliolc  of  the  mctiiU,  but  ulno  other 
demeniK  ;  but  it  has  lesii  intension  of  meaning,  betukUNc  a 
Dietal  baa  all  the  propcrfictt  of  an  clemnnt,  betides  eome 
otben  which  Mbow  it  t^  be  a  metal.  In  a  nenf*  uf  tonus, 
airanged  in  order  ftx>m  tlie  mo»t  Mugidar  to  the  most 
)*eiieial,  tuuallf  the  Ivw  kinds  of  meaninj;  vary  inversely, 
ijC.  ilw  meaning  in  inteuxloa  decreases  as  that  in  extiMinion 
incieasee.  Usimlly  the  greater  the  number  of  qualities, 
the  lew  the  number  of  individuaU ;  therefore,  theontt  being 
given,  the  other  can  be  inferred. 

Geneml  tprnii;  and  ideas  aro  obscure,  and  diftioult  to 
conceive,  because  the  exigences  they  represent  are  of  an 
abstruse  t-hunictvr,  and  «&n  only  excite  a  eonscioui*  <iogr0« 
of  mental  action  by  means  of  the  intellect ;  i-ingular  ones 
are  more  easy  to  apprehend,  Iwcause  the  objects  tlioy  in- 
dicnie  a<rt  more  directly  and  strongly  upon  our  sense*  and 
mental  povers.  General  terms  and  ideas  may  also  be  ?aid 
to  have  gn.<ater  profundity  of  meaning,  whiUt  iudividual 
ooee  are  more  ftill  of  superSeial  and  easily  perceived 
detail. 

General  terms  and  ideas  embrace  a  greater  amount  of 
bnowledpe  than  indiridual  and  siugular  ouos ;  and  when 
they  are  f<>nn<-d  into  propositions,  a  lai^er  amoimt  of 
knowledge  can  be  cxttactetl  from  them  by  mean*  of  analysis 
infi^R-itce.  They  alao  require  more  study  in  order  to 
ibte  us  to  understand  them.  To  apprc'ben<l  the  mean- 
ing of  Uieword  *  metal,' we  most,  to  some  extent,  know 
the  esnatial  and  abstruse  quatitice  of  metallic  substoucos  ; 
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but  to  (U'iinu  f.liat  of  the  word  '  copper,'  we  require  only 
to  know  the  cliaracteristic  marks  of  that  body. 

An  *ubetnict'  term  i«  tisiiaJly  coDsidt>red  to  be  the 
Dam«  of  a  property,  quality,  or  attribute,  considered  apart, 
or  abgtract«d   in   tJioiight   from   tlie  object  to  which  it 
llpplie»^  or  in  which  it  resides,  and  from  which  it  cannoi 
UBually  be  separated.     Thus  veight,  mat^ctiGm,  ductility, 
brittlcncjw  ar«   ttb8trai.^t.     When  we  definv,  we  form 
abstract  term.     By  a  *  concrete '  terra  b  meant  the 
of  a  thing  in  which  the  ulistrsft  quality  rxi»t» ;  t)\icli,  for 
ioiitjiuce,  as  the  teniis  platinum,  iron,  copper,  glnas,  ^. 
in  which  the  properties  of  weight,  mugnctiHm,  ductili 
and  brittli-iips*  rt'sjicclivHy  rewid*.     Miiiiy  concrete 
have  corresponding  abi^tract  ones,  but  some  have  not ;  sdi 
the  two  kiiidn  sro  often  confounded.'     All  kinds  of  sul 
stances  are  capable  of  separate  existence,  but  their  attri' 
butos,  qualities,   propcrliL>B,  and  forces  arc  incapable 
scfiarate  existence,  and  cin  only  lie  separated  in  thought 
by  means  of  analysis  and  abstraction. 


CHAPTER   VII. 


OK  FACT3   AND  PBOroSlTIONS  IN   SCIBIICl. 


A  PACT  ifl  a  truth;  the  simpleat  ideas  are  sot  truths;  fo 
instance,  that  of  iron  or  of  magnetism   is  not  a  tnit 
A  fnct  or  truth  requires  a,  judgment  or  proposition 
which  to  express  it,  such  as  '  copper  is  red>'  '  iron  is  pai 
nctic,' &C.     Cont;ict  nith  nature,  through  the  medium 

'  A  rtry  Talu&blo  cliiiptrr  i>ii '  Sci(<iiiilic  Tcrmn  und  the  l.<ttigiift|i« 

Siii<iac«'  mAy  1>«  lounti  In  WliewcirN  i'hilotupby  iff  tie  tadueUt* 

,  to).  L  p.  tS,  oIw  book  vlil.  p.  itV.  ~ 
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our  aen^C-e  nnd   pen:e{>tivv   power;!,  fumit-hvs   iu  with  a 
knowledge  of  existences  and  facta.     The  comparition  of 
UiuKf.   bcU,  and  nnisoDitig  upuu   thetn,  supply  us  with  ^ 
gencTkl  trulliM;  nod  a  eimibir  trcatrnt^nt  of  thonv  truths, 
tbiiied  ia  variouB  wa_v8,  yipl^Js  "s  knowledge  of  the  sttiil 

»t45r  principlfs  of  science.     Study  of  facts  nud  general 
tnithft,  and  rcfuoning  iipoa  thenn,  alao  flupply  U9  with  new 
'All  great  discoveries  depend  upon  the  com- 

fttion  o( exact /actit  with  clear  idt-UM.'' 

Kaets  are  the  foundation  of  all  our  scientific  know>| 
ledge,  itnd  of  all  the  practical  applications  of  it,  and 
Donaequently  of  all  the  civilisation  and  human  pi-ogress 
remltlDg  from  it.  Pacts  are  iudeetmctible,  and  Inily 
aid  to  be  "■  «tiil(bora  things.'  A  single  fttct  may  overturn 
Uie  boldest  theory.  We  are  utterly  unable  to  alter  the 
Ixutim  of  scienoe ;  the  facts  and  laws  of  nature  are  the 
same  for  all  men. 

Every  fact  in  science  include  very  much  moro  latent 
meaning  than  appears  on  a  superlicial  examination  of  it, 
and  frcfiumtly  involves  the  operation  of  innuy  laws.  The 
idateiiieut  'That  is  an  aoimal'  implidlly  includ^^t  the 
ideas  of  nil  the  physicsl,  chemical,  and  vital  power?,  and 
all  the  lawn  of  their  action  in  animal  life.  The  facts  of 
nature  are  often  very  different  from  our  ideas  of  them, 
bf^cBUHC  u-p  pprcoivo  their  superficial  f<-aturi?s  only,  those 
which  strike  our  senses;  and  these  constitute  only  a 
minute  proportion  of  the  entire  truth  the  facts  implicitly 
contain.  In  ancient  times  a  rusting  piece  of  iron  was  a  i 
nistitig  piece  of  iron  and  nothing  more ;  but  to  the  modem 
cltfiuist  it  is  a  case  of  combustion,  electrical  action,  and 
many  other  changes. 

Facts  an^  crude  knowledge,  and  c<ni»titiit«   the  raw 

'  W1i«weli,   HUt^rf  (/  (X«  Indtirtirt  Jffitimis,   3rd  «(tll.   vol.  Ill, 
p.  1<>.  j 
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material  of  stirnw.    They  may  be  (lividod  itito  gi-ocnili 
and  i-[DpiricaJ.     (jeneralUed  facU  are  Ui(>ftf>  irliicli  have' 
been  partly  dig«st«d,  and  Ix^en  reduced  to  class  and  order, 
and  sin-  freqiiciitly  oapaWe  of  being  explained  liy  M>rae 
known  law  or  principle.  Empiriottl  fadfl  arc  Ihose  which 
UD<ligv«tvd,  and  which  we  t-annot  m  yet  explain  orrufcr 
any  known  cause.    An  immense  numbernf  facta  rpmain  i 
an  empirical  state  ready  for  the  discovery  of  laws  to  espial 
tlicm  ;  for  instance,  why  ia  copper  ductile,  lead  »oft, 
elastic,  glass  brittle  and  transparent  ?  &c.     Tlie  great  bal! 
of  the  fact!'  relatinjf  to  those  propertipfi  of  bodice  whi 
depend  upon   molecular  ttxucture,  are  still  largely 
pirieiil  for  want  of  knowledge  of  (lie  prim-iplei  of  thai 
ntnfeturK  by  which  toeitjtlain  them.     Kmpirieal  taet)i(un(I 
sometimes  even  Keneraliwd  ones)  are  often  comparatively 
uw-lew*  for  the    purposes   of   itcienee  until   wc   can  draw 
general  inferences  from  them,     'fliey  are,  however,  often  ot 
the  very  preatcrt  practical  use  in  daily  life,  arl»,  manu- 
factures, makin;;  eiperiments,  &c 

A^  facte  are  theorifpua)  source  of  all  kinds  of  seienti 
knowledge,  they  are  as  varied   as   that  knowledge,  and 
may  therefore  be  cla*sctl  under  a  great  variety  of  headings, 
such  us  i|iialiUitive  and  qu.intitalive,  the  names  of  various. 
Rciences,  the  difTerent   forces   of  nature,  the   aumcra: 
elementary  and  compound  Hub^^t^inces,  <JcG.,  as  may  be 
in  tlic  various  t^xl^hooks  of  science. 

Different    empirical    (acts    possess    widely    diflercnl 
defjrcBS  of  intrinsic  importa.nc(>,  Ih-csusc  they  contain 
greater  or  less  amount  of  potential  truth.     General  slat 
ment«!ire  the  concentrated  essence  of  knowledge.   Diflfe 
facts   also   poseees  different   degree*   of  intrinsic   vali 
For  instance,  an  anomalous  fact  may  be  an  infltance 
an  unVnown  and  great  general  law,  and  thus  prove 
tremely  valuable  by  leading  to  the  discovery  of  a  wLol 
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Tvnita  »{  new  kitnwlMlgi-,  An  exvcptianal  instance  may 
aha  be  of  great  valiu!  by  Imding  in  a  ttimllar  vay  to  tht 
diwwvrry  of  a  great  general  tniili,  Itesiduary  inttancee 
are  also  HaiDetinie«  of  the  gi«ate*l  importance,  aiid  have 
1«1  to  eome  of  the  greatest  dtiKmveriee.'  According  to 
Bn-writ<T,  'a  coliocliou  of  fhet^  however  Kkilftilly  they 
may  be  conjured  with,  can  never  yi«Id  general  lawa 
unlcti*  they  contain  that  master-fact  m  wliich  tho  dis- 
covery rmidt'is  (w  iipDu  wliicb  th«  law  muiiily  depends.*' 
Exlmne  or  conspicuous  iustances  [jossesB  an  exttiasic  value 
in  I'onH-tjtieiioi'  of  their  great  fitneswt  for  (lie  i>urpo»cs  of 
illustration  and  eiperiment.,  and  frequently  aUo  for  practi- 
cal 11%  in  inrcntionH  aud  tc<.-hnical  operations.  And  new 
Guta  have  a  special  value  in  exciting  attention  due  t^ 
their  novelty  alone;  novelty  is  the  charm  of  'news/l 
Different  facl.i  al.->o  have  very  diffcix^iit  dt^reea  of  com- 
plexity. Thus,  the  Btatement  '  1  am  well '  is  a  far  more 
complex  onti,  aud  indudcs  a  much  larger  number  of  ph«- 
tvoiufna  than  the  one  *  Lead  is  heavy." 

A»  the  bm»  of  nil  science  in  facts,  Mic  liret  question 
reapecting  any  new  statement  or  aAflertion  in  science  ia,  it 
it  tnu:  ?  if  the  so-called  het  really  a  (act  ?  Far  instance, 
if  a  chemist  says  he  bm  artificially  produced  quinine  or 
dismondfl,  wc  at  once  aak,  is  the  substance  realty  quinine  ? 
are  tht-y  really  diamonds  ?  and  were  they  really  formed 
aitificially?  for  until  ve  know  this  by  sufBcient  evidence,! 
we  cannot  safely  reason  respecting  them.  If  sticli  evidenoe  I 
does  not  appear  in  a  re^L<f>naVilr  time, either  by  pubtit-ation 
o(  the  process  or  by  commercial  production  of  the  article, 
we  may  reusonuUy  conclude  the  statement  to  he  douhtfid ; 
because  scarcely  anyone  wlio  )ia.t  made  a  valuable  discovery 
would  permanently  abstain  from  reaping  either  the  &me 


■  See  Honwiiori  J)i4ecmrtf  m  .Voturd/  Piilaiejiiy,  pp.  \t$  B. 


GSSKBAI.   TIBW   Attn  lUSIR  OF  SCIBKHFIC  BBSUHCH. 

or  therewardof  hid  labour?,  anil  also  siiliject  himflelf  to  tli,e 
Hun[ik-iuni>f  beingfan  ina[>ofltor.  Tberehave  been  instances, 
liowever,  of  investigaton;  withholding,  for  special  ri^4u>oai<, 
piibliciitiiiniiftlii^irtliseovfries.  For  example,  Dr.  WtJlafitoa 
worked  for  a  long  time  in  secret  his  proccm  of  welding 
plutiuum;  I  (dw,  a  long  time  ago,  discovered  a  vetj 
xiniple  and  safe  method  of  rapidly  converting  oidiouy 
white  plioiiphonis  into  the  amorphous  vnrivty  in  it  fiUitc  of 
tinv  powder,  but  liave  not  yet  publisJied  the  proceaa.  St 
a  few  caaee,  also,  new  truths  of  seicno«,  capable  of  yieldiii 
results  of  Imm-fit  to  runnkind,  have  been  kept  secret  il 
couseijiience  of  the  fast  that  there  hae  been  no  remuner 
tion  for  orij^inal  scienfi&c  re«ciirch  iu  tliis  eoiiutry, 
that,  miiniifiictiirers  and  othera,  whiUt  taking  with  Ic 
impunity  the  results  of  the  labourB  of  wieutific 
coverers,  being  (wc  will  cibnritubly  «uppo«c)  ignorant  < 
their  iiidebtednesB,  have  withheld  all  reward. 

False  Htatcmeuts,  purportiuK  to  Ix-  new  facte  in  eavoe 
are  occasionally  published  ;  and  if,  in  consequence  of 
cireurastances  of  the  case,  they  are  such  as  cannot  be  dia 
proved,  they  caii*e  much  Irguble  in  Kuience  by  raiiiinj; 
difipnt.'  and  contention,  but  usually,  sooner  or  lat«r,  their 
evil  effect  wibsidt^s.  Some  fal!*<;  helii-fs,  however,  have 
existed  for  ages,  until  science  disproved  them,  and  mauy 
no  doubt  Etill  exist,  and  will  coutiuue  to  do  so  until  science 
or  lome  other  ineaus  clearly  Khuwit  that  Uiey  are  I'mjaeoufi, 
Attractive  errors  have  a  most  tenacious  existence. 

Before  we  commence  a  research,  we  retjuirc  to  know  if 
the  data  are  correct,  '  It  is  not  true  to  say  we  know  a 
thing  simply  bccanse  it  has  Ifcen  f^ild  us;''  and  if  we  are 
not  Kiire  of  the  statements,  we  must  either  not  ntuke  them, 
or  we  must  \crify  them.     If  w«  cannot  trust  the  word  of 

'  DcMariciL 
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tli«  clH-Diist  who  Buppliod  Its  witli  clicmic>il»,  we  must  t«ati 
the  suhetaooee.   ijo-callcrd  facts  cannot  bt^  relied  on  nit  fiict),^ 
unless  the;  bnvc  boeo  at  one  time  or  anotber  carefull; 
rerified. 

In  logkaJ  phraseology,  an  assertion  in  acience  would 
be  colled  a  *  proposition.'  A  t;ci<intitic  term  standing  alone 
dnea  not  expr<&t  either  a  Lnitii  or  nntnttli,  biil  mvrbly 
excitoB  in  the  mind  the  conscious  impression  of  an  object 
or  c1m>  of  object*,  lo  order,  (.Iivrufore,  to  exprcsit  a  truth 
or  untruth,  we  must  employ  an  *  indicative  sentence '  or 
pruposition. 

Proposilionti  in  science,  like  ideas  and  terms,  oft«n  go 
tof^tbcr  in  pairs.  They  may  be  classed  into  axiomatic, 
true  and  fiiiKe,  tmcc^rtaiii,  conditional  iind  uucouditioiial, 
ative  and  neijatiTe,  universal  and  particular,  in- 
inil«  or  ambitious,  imivcr«aUuffirmativc,  particular- 
affinnative,  universal-negative,  particular-negative,  es- 
ctufiive,  exceptive,  inconsirtent,  contradictory,  contrary, 
l_snb-contrary,  equivalent,  &c  PropositioD»  have  idso  been 
into : — 

1.  Subjocttve,  or  those  based  upon  internal  evidence. 

2.  Otijeclive,  or  Uinse  baited   upon  external  evidence.^ 
And, 

3.  Tb<i»«e  l»«e<l  ujwn  both. 

A  true  Hcientific  statement  18  one  which  doe^  not  con- 
tradict any  of  the  facts  or  laws  of  nature,  but  agrees  with 
and  i«  Bupported  hy  uU  of  them.  JIauy  stjitfuients,  how-j 
ever,  which  appear  to  be  true  in  one  state  of  knowledge 
are  tiltimntcly  found  tn  be  false,  and  some  whicli  upp)-ar  to 
he  fuh^  suK  found  to  be  true.  A  faliie  proposition  is  one 
which  contrudictB  those  facts  or  laws,  An  uucr-rtaia 
■tatrimcnt  i»  ow-  which  either  ba«  equal  or  no  tnanifea 
evidence  for  or  against  it.    But  whilst  no  scieotiiic  idea 
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stAtonout  C9UI  be  a  true  one  which  oontradloto  snj-  of  the 
luwH  of  nature,  tru?  scivQtific   ideaa  and  statemeobi  an 
not  uccnwarily  limited  to  existing  tilings,  Ix-ouubo  inao] 
ideiia  and  hypotlifsi*  havi-  been  proved  to  be  Irma  wUlc 
at  tlir  time  tliey  were  prop(>imdi?d  hud  no  cxistlug  conf 
matioD   in  naturo.     No  propositiou  can  be  provttd  to 
univenuilly  trviv   hy  mcjinit  of  cspL-rivnce  alone,  because 
ejpcriunoe  in  finite,     '  Experience  can  dincovrr  imivorssl 
truths,  thoiif^h  abv  cuiinot  givt  them  univeTsality."  ^j 

Affirmative   propositions   are   umtiilly   the    most    im-^' 
portanl,  and   ncfjativi;  ones  are  often  diilietiU  or  even 
imp-isjiiblc   to   prove.     An   universid    proposition   is   one 
which  affirms  the  predicate  to  belong  to  thtt  ■whoU  of  the-^ 
subject^  such  as  '  All  nictuU  Hro  conductors  of  heat.*     A^| 
particuliir  proposition  is  one  which  atfiniin  the  predicate  to 
belong  only  to  some  or  any  part  of  the  Etubjecl ;  Uie  pro- 
position '  Some  metals  are  liglit^T  than  mcrcurf '  is  a  p«r- 
ticular  one,     An  iniiefinile  proposition  is  one  which  doea 
not  indicate  wIiHhcr  the  predicate  belongs  to  the  whol6  or 
a  part  of  the  subject ;  it  is  an  ambiguous  one,  and  iocom- 
plete  as  to  matter  of  fact- 

Ao  inconsistent  proposition  is  one  which  disagrees 
with  some  other  propotfitiou  having  the  same  subjoct  and 
predicate.  Iiicoosi»t<-iit  propof^itions  arc  inconKiiilcnt  in 
different  degrees,  and  may  be  either  contradictory,  con- 
trary, or  Bub-confrary,  A  contradictory  one  asserts  what 
is  enlindy  inconsi.itent  with  some  other  progiosttioii ;  and 
anb-ooutrary  propositions  have  a  less  <iegn?e  of  contrariety 
than  contrary  one*.  Of  two  contradictory  propositions, 
if  ooe  is  true  the  other  must  be  fiilsc,  and  vice  varfia.  Of  j 
two  coutmiy  ones,  both  cannot  be  true,  and  both  may  be 
dlM  ;  if  one  is  false,  th«  other  may  or  may  not  be  true. 

WhawiiU,  IHiU/ry  afSBi4*t^  Idatt,  3rd  edit.  voL  i.  p,  310. 
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Of  two  snli-contraiy  ones,  both  may  be  true,   and   on« 
nolj  can  be  fulsf, 

Equivit](!Ot  projMMJtJoDR  are  thrae  which  coQtAia  th« 
kiDcl  and  amount  of  mcaoin^  ;  thus '  All  muttAli'  ana, 
heat-condiiulorK '  is  i^)iuv:ili.>iit  U>  'fvime  heat-con- 
ductors are  all  metaU.'  There  is  no  method  or  nde  by 
ontiis  of  which  lliv  exact  t^iuivak-nl*  of  propiwitiinis  can 
in  all  cases  he  definitely  ascei-taiued,  partly  hecause  of 
want  of  pn-ciKion  in  the  m^^aning  of  termn;  and  it  is 
KMDetimeii  dJfficiilL  tit  ttll  wlial  i*  inHndud  in  a  ^ven 
term  or  idea,  and  therefore  also  what  is  included  or  nut  id 
a  pmpoeitioit  containing  it;  for  insifancr.^  dot^t*  th«  idea  of 
'  all  metals '  include  that  of  a  mixture  of  metals  ? 

The  iU<fr*.ii  of  wiuivjileiioy  (and,  conversely,  that  of  in- 
eonsifitency)  of  propoiiitioiu  is  an  important  point  to  be 
oontuderM)  when  wc  have  to  draw  infereucw*  from  them  j 
and  as  affirmative  truths  ara  usually  of  more  value  tlian 
oc^tive  ones,  to  a  knovrlodge  of  the  decree  of  equivalency 
or  agreement  of  propusitJonit  \*  morn  important  usually  than 
that  of  their  degree  of  iucoDsiateiicy.  PropositioOK  may  be 
elasaed  as  a  quantitutivo  scries  iu  accordance  with  th«>e 
degrees,  from  those  which  aie  entirely  conaiMent  to  those 
which  are  wholly  ineonsistcnt,  somewhat  as  follows ! — 

I.  Eqiiivalout,  or  tUo«c  which  entirely  agree. 


agree  in  part  only, 
have  no  rcUtion. 
di«igree  in  part  only, 
entirely  disagrees 


2.  Infenihie         „ 
S.  <^uHi»b.-ut        „ 

4.  Contrary         „ 

5.  Contradictory  „ 

Logic  of  quality  only  deals  either  with  all  or  none ; 
but  OS  an  idea  or  thing  may  agree  or  disagree  with 
anotlier  Idea  or  thing  in  ereiy  intermediat«  degree,  the 
qaantification  of  ideas  and  propositions  is  a  very  important 
matter.     In  tlie  proposition  *•  MetaU  are  heat-conducton' 
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neither  eubject  nor  predicute  Is  quantified ;  in  the 
'  All  mctiils  urc  hcat-conductora,'  the  aubject  only  is  quau-J 
tjfii-d  ;  and  in  '  Ail  tinlul*  are  Home  hcut-conductors ' 
subject  and  predicate  are  qiiaiititiod,  but  the  lattftr  onlyl 
indpfmitrly.  By  qiiautifying  tbe  predicate  definitely  Krel 
simplify  (he  reasoning. 

For  fnrlht-r  inlormation  respecting  different  classes 
propositious,  I  miiMt  refer  the  reader  to  ordiniury  vork*  oaJ 
logic. 


CHAI'TEIt   VIII. 
SOIBHTiriC   DELIBf. 


The  mrtrtBllf»t  enemy  unto  IcnowWgr,  niid  tluit  wbich  lint 
don?  the  gi-eatest  execution  upon  truth,  hath  been  a  peretiiptoty  ' 
adh(<sion  tinto  aiithorily.  and  mom  r1K)MN^inlIy  thn  tMbihl inking  of 
our  beliiif  ujton  the  dictates  of  antiquity. — Sia  Thomas  Browne. 

There  in  nothing  sooner    overthrows  B  weak  heud   tima 
opinion  of  authority. — 3iu  Piiiup  SiVHtT. 

Authority — which  did  a  body  iKjast, 

Though  'twna  but  air  condensed,  and  Htnlk'd  about, 

Like  H«me  old  giant's  more  gigantic  ghost. 

To  twrify  tbo  learned  rout — 
With  tJie  p!ain  magic  of  truo  reason's  lights 
lie  chaKsl  out  of  our  Bight ; 
Nor  auflbrcd  living  men  to  he  misilpd 

By  tbo  ruin  kIukIows  of  the  dead  : 
To  i^vGs,  from  whence  it  rose,  thn  conquered  phantom  fled.  ] 
CbWL£v's  E[iiatU  U>  iJu!  linyal  Society. 


term    'belief    has   two  meunin^.  m.   the  thing 
'H  and  the  uct  uf  hclitif.     A  Iwlicf  is  a  conipounij 
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Mco,  nore  or  1ewij(«a(I  in  Uie  mind,  and  capable  of  being 
expressed  in  a  proposition  or  ststemeat;  and  thv  nut  of 
beliitf  a  *  dotiitciou)!  mvntal  perception  of  inioh  nn  idea. 

The  soorees  of  our  beliefs  are  the  same  as  those  of  our 
ideas,  viz.  mporienoe,  including  what  iiaa  boMi  iui^tilled 
into  OS  as  veil  a«  vhat  va  have  been  told  and  have  read, 
or  have  ha<i  otherwiss  impressed  upon  us,  together  with 
our  goniTalisationti,  eoDoIiuions,  and  infi;icncos  fri>iii  th« 
whole  of  these.  Many  of  the  ideaa  whieh  we  obtain  by  either 
one  or  other  of  these  mean^  we  more  or  Ic8»  believe  until  we 
either  meet  with  what  apptvirti  to  n.4  to  htt  opposing  evidence 
or  with  new  ideas  which  more  accord  with  our  feelings. 

Our  lielii-fi'  varj-  in  kind  with  our  idcaM;   tliun  they 
may  be  eitJier  primary  or  axiomatic,  true  or  false,  intelli- 
gent or  blind,  Iwtoat  or  present-,  strong  or  feeble,  ditlinct 
or  vague,  Ac.     A  great  proportion  of  human  lit-Uefji,  e;itpe-J 
cially  in  concrete  subjects,  consitits  of  hypot  liesen.     Uc'lieftl 
may  poaseea  every  degree  of  firmness,  deptiiiditig  upon  the 
fixity  of  the  ideas ;  and  the  more  fixed  the  ideaa,  the  moMU 
firm  thu  belittfn.     A  very  firm  blind  belief  produces  ignorant! 
obstinacy.      The   strength   or   weakness,  dii^tinclness  or 
in>li»t.inctnv9a  of  our  beliefs  also  corrcspoudti  and  varieu 
wjLh  that  of  the  particular  idea>t.     N<^«rly  all  our  belteB 
tuv  latent  in  the  memory.  I 

Among  nur  primary  or  axtoniatic  belieb  are  ububIIt 
included : — 

1.  That  of  our  present  existence.  M 

2.  Of  our  past  <-xiirt^'nce  and  personal  idcncity. 

3.  Of  the  extenial  and  independent  exi)it«-nce  of  nature. 

4.  Of  the  exintenoc  of  an  efficient  cause  for  all  tbingM. 

5.  The  exidtence  of  uniformity  of  canae  and  efit'ct.  J 
C.  Al»i>  various  logical  and  mathematical  axioms.  ' 

_      Our  minds  yield  to  w;i)catod  imprcssiou«,  especially  in 
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suhjufU  t,i>  which  w(f  fwl  difpoxod  to  list<'D  and  give  wny 
to  autJiority.  A  toaa  may  repeat  a  lie  until  be  believes  it 
to  btt  tnie.  Kvit«ratc()  (itaU-ini.-nt«,  eveo  in  matters  which 
are  entirely  incapable  of  deinon titration  or  verification,  are 
a  common  eourc«  of  beliefs,  iind  are  often  considered  to 
be  the  iao»t  ttruogly  eftaliliihed  trutliB;  and  nay  idea, 
wbetber  true  or  felse,  which  is  often  impressed  and  not 
contradicted,  commonly  iiid<icp»  bcliuf,  provided  it  does  i 
sot  appear  erroneous  on  a  superiicial  examination  ;  aien^| 
also,  in  dfbatjiblo  snbjucts,  larjjoly  venture  to  believe  what^n 
they  like,  find  this  is  proved  by  the  prt^valenco  of  contra- 
dictory beliefs.  A  tendency  to  retain  fixed  beliefs,  irre- 
jpdct.ive  of  their  trnth  or  falsity.  Is  alsio  very  utrong  in  us, 
and  it  consequently  requires  great  mental  effort  to  expel 
any  of  our  old-t^stabliNbed  opinions.  It  it  mid  that  when 
Harvey  announced  his  discovery  of  the  circulation  of  the 

k  blood,  111)  physician,  pawt  the  age  of  forty,  U'lii-vcd  it,  but  m 
now  it  would  be  impossible  to  find  a  single  physician  who^f 
disbclluvot  it.  ■ 

Belief,  like  all  our  mental  acta,  is  frequently  not  dct«r-^| 


mined  by  the  intellect,  but  by  the  feelingn,  and  may  be 
divided  iuto  rational  belief  and  blind  civdubty.  W«  are 
all  limited  by  our  degress  of  mental  ability,  and  there- 
fore, in  tbd  absence  of  knowledge  or  proof,  blind  belief 
is  often  a  necessity,  and  may  be  justified  by  unavoid- 
able ignomucc ;  but  that  i»  not  a  sufficient  reason  wh; 
Siicti  ignorance  and  belief  shoiUd  not  be  discouraged, 
persons  are  liable  to  be  infiuenoed  by  those  ideas  only, 
irrespective  of  their  tj-uth  or  falwty,  which  are  within 
the  scope  of  their  comprehension.  An  unscientific  man 
beliovi»  that  which  he  uugbt  not  to  bi-lieve,  and  fails  to 
believe  tliat  which  he  ought  to  believe.  For  instancy  h< 
often  helieres  that  mysterious  or  occult  agencies  are  w 
work  '••'  '•Mes  where  all  the  effects  arc  truly  explicable  b; 


lief 
>id.J 
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eatises;  and  lie  faiU  to  believe  in  Ihc  sictioD  of 
M.titecl  and  HlMlni»o  causi-s  in  Gi*Kt  w)i«rc  i\w  iLtsiiuip- 
of  more  sp{>arent  or  fiimple  causes  is  contradicted  bj 
Bome  of  tbf  rflW-ts. 

In  a^quiriog  ad  intelligent  or  rational  belief,  we  com- 
[jftre  an  idea  with  the  tbinf;  it  represents  ;  and  if  the  two 
■gree.  itf.  Un'n,  by  »  cDiixrionn  mental  elTort,  or  attention^  J 
fix  it  in  the  mind.  A  rational  belief,  therefore,  is  a  6xed  1 
ide«T  njsidtlng  from  n  prcvioiitt  perception  of  nj^nement 
between  it  luid  the  thing  it  reprvM^nts.  In  aoqiiiring  a  blind 
belief,  we  do  not  trouble  ourselves  to  exercise  compurison 
orreavoD  (oTvemay  not  have  had  the  opportunity  of  eom- 
pamg).  hut  eimpty  perceive  the  idea,  and  at  once  fix  it 
io  tile  mind.  Th<'re  may  be  every  dofjrei-  Ixith  of  iiitidli- 
gi:I>t  and  of  blind  belief,  from  that  which  is  perfectly  blind 
to  that  which  results  from  the  most  powerful  and  com- 
pb-iH!  (evidence.  Strictly  apeaking,  seience  cndu  where 
&ith  be^ns,  and  both  must  be  kept  distinct.  I 

Our  mental  coniiiliition  iidinit*  of  our  believing  eou-l 
^trtJictory  statement^  and  we  often,  without  knowing  it,^ 
'  deny  in  ono  form  of  words  what  we  admit  in  another. 
But  although  we  often  believe  that  which  ia  cotitTadictory, 
we  cannot  simultaneously  do  bo.     Xo  man  dmultaneonsly 
bdieves  to  be  true  that  which  he  bclicvtrs  to  he  false ;  the 
eODdiUoUB  of  mental  action  prevent  him.     We  may  all, 
bowerer,  chuigo    our  opitiioiiic,    and    believe   contradic- 
torv    statements    at  diS~erent   times.     Both    ■ndividuulS'l 
and  uations  grow  out  of  old  beliefs  into  new  ones.     No 
nun  who  has  lind  the  requisite  experience  of  nature,  and 
knows  the  meanings  <A  the  terms  employed,  can  believe  a 
ftaiemeut   which   eontr»dicts   itself,   nor   two   stutementaj 
which   contradict   each   other;    for   inBt.ince,   hi^   cannot^ 
b'tieve   that  the   longest  periods  are   the  sliorteat,  the 
smallest  Bpace«  are  tlie  largest,  the  lightest  I)odie«  are  the 
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I  hca^'ie8t,  &c. ;  but  he  may  rimultaoeoiuty  beli^re  to  be 

I  triii;  und  coQitititent  stAttniienlM  which  arc  ri'ally  &lse  and 

I  coBtradictory,  until  by  further  experience  and  eolig^tco- 

^B        iDCiil  he  pcruuivcn  their  vout radio Uud  ;  and  wg  all  do  tbis, 
^f        prolHibly  to  a,  very  great  extent.     Keal  con!  ntdivlion  is 
always  a  proof  of  fatsity,  and  the  multitudes  of  really  con- 
triulictory  opinioua  uj>on  que^tonn  we  cnunot  decide  prova 
tile  wide-6prcad  prevalence  of  orroneoUB  beliefa. 

We  ofti,-n  Micve  firtrt^  and  then  examine  the  evidei 
inittfad  of  the   reverse.     Nearly  all  |>«n>onK  form   tbeii 
beliefs  blindly,  and  very  few  knowingly  or  intent iooallj     , 
Imsc  them  upon  ri>aiion,  especially  in  mattcre  where  th^H 
feelings  are  powerful,  or  in  which  hitt  Utile  immediat^^ 
oBsiiitancc  can   he  given    by  the  intellect.     Wo  all    be- 
lieve K  vast  deal  mure  than  we  have  had  any  pefsonal 
experience  of,  and  the  rml  credibility  of  a  stat^^ncnt  isj 
by  no  meun»  pnii>ortionate  to  the  df-grec  of  our  tendenc] 
to  hi^Heve  it.     Notwithfelanding  this,  common  bvliefs  arel 

I  usually  in  accordance  with  t«ii^u»,  and  this  is  larg«ly 
because  thinking  men  of  former  times  have  determined 
tliem  for  ns  and  we,  by  inheritance,  education,  and 
habit,  have  blindly  adrtptt-d  them.  It  \»,  however,  an  evil 
practice  to  submit  blindly  to  tradition  or  authority,  if 
we  have  opportunity  of  aojuiring  knowledge  and  ratioii 
belief. 

The  grejit  bulk  of  mankind  are  »a  much  occupied 
seeking  money  nnd  personal  influence  and  power  that  th« 
are,  to  a  gn^it  extt-Tit,  unable  to  determint:  for  theroBelre 
the  truth  of  what  they  believe,  but  have  to  accept  as  tr 
that  which  they  are  told.     In   tbiji  vray  they  are  led  by^ 

t  repeated   impreeeionH,  in  subjects  where   prouf!<  are   act 
obtainable,  (o   consider   Ktutemcnts   to   be  demonstrable^ 
evidence  and  proof  which  are  not  so,  and  settle  down  into 
a  coDV'""'*"  that  their  beliefs  have  been  proved  when  tbey  i 
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ily  hftv'o  not,  and  lia\'e  their  minds  thus  filled  with 

un  ideas  instead  of  prm-cd  trut}i;«. 
*AIt]iougli  rvcrylxxly  Li  aware  that  DumlicrH  are  not 
B  twi  iif  initb,  yet  mauy  personB,  wliile  they  recognise 
lhi>  maxim  in  thcwry,  viuhitt^  it.  in  jiriirlioc,  und  accept 
opinions  rimply  because  they  are  entertained  by  the 
people  at  large.  It  may  be  addttd  that  a  stnte  of  doubt 
ur  Eiup(':n«;  M»  lo  opiiiionH,  particularly  on  iinportaiil 
■ubjecta,  U  painful  to  most  mindt),  and  men  are  impatient 
of  the  delay,  or  unwilling  to  niakv  tli«  exertion  ncislful 
for  the  independent  examination  of  the  evidence  and 
a^umenta  on  both  vidc-K  of  n  di.'^putvd  question,  Ilcnco 
ibcy  are  prone  to  cut  the  knot  by  accepting  without 
Vitrification,  or  with  a  very  partial  examination  of  ita 
ground)!,  the  opinion  of  some  person  whom,  for  any 
reaauo,  they  look  to  with  respect,  and  whom  they  vonsidcr 
ft  competent  judge  in  the  matter.' ' 

Ottr  beliefa,  even  in  some  soientiGo  matterx,  are  liabLv 
lo  be  greatly  influeuowl  by  om  feelings,  prejudices,  menial 
biiw,  aiMl  desire!) ;  and  unless  the  Inve  of  truth  is  very 
Ktrvrng  in  ns,  and  paramount  to  all  other  consideratione, 
and  Mir  judgment.  i»  siinpended  in  all  cmti-*  whore  adecjiiate 
nvidence  is  absent,  those  influences  aie certain  tw  affect  our 
belieCi.  Such  a  lov»  of  truth  ought  to  vxift  in  all  jienton^ 
hut  it  ranJy  does  exist  even  in  those  who  most  profess 
to  seek  the  truth  ;  as  is  shown  by  the  public  profession 
and  difTTinion  of  contradictory  beliefM. 

With  many  persons  the  absence  of  possession  of  truth 
is  mado  n  reason,  or  rattier  pretext,  for  its  profession. 
Xltuiy  also  are  so  fond  of  gratifying  tbeir  feelings  without 
consulting  rc-ason   that  uotiiiiig  wotdd  induce   them   toj 
forego  indulgiiigtheraselves  in  the  pleasiuro  of  an  attrao-^ 
live  belief;  and  thvy  can  often  be  stimulated  to  righteoiu 

*  0>  U>  Lvwis,  iHjhMnet  of  Aitthoritji  In  MiUtfrtaf  Opinian,^  U. 
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conduct  in  otlier  r«<p4:ct»  only  by  lucfi  meons.    It  is, 
however,  a  grave  queiition  as  to  bow  far  nu-Q  arc  justi- 
fied  in   belioviujf  or  prv>pHg<i<int^  as  Kttled  tmtbs  idi 
which  are  not  yet  confirmed,  or  whicli  cnnnot  at  preaoal 
be   either   jiroved    or  disproved.      Kespecting  the   d 
of  tihiiip  our  n-nson    in    fonning  our  IxOiofs,  Locke 
remarked  :  '  He  that  believes  without  having  any  rwaMoi 
for  believing  may  be  in  lovu  with   his  own  fancies, 
iicithur  jiccki!  trutli  as  be  ought  nor  pay*  the  oV-dipni 
due  to  his  Maker,  who  would  have  him  use  (hose  diseiTrn 
ing  faculties  lie  liiu^  given  him  tn  Uwp  liim  out  of  miotake 
iind  emir.     He  that  does  not   Ibis   to   tJie  best   of   his 
power,  however  he  sometime-it  lights  on  truth,  is  in  the 
right  but  by  chance,  and  [  know  not  whether  the  lHckiu«8a 
of  the  accident  will  excuse  the  irregularity  of  the  pro- 
ceeding.     ThtM   at    liriLst   t!>   certain,   that   he   mu«t    be 
ocviiun table  for  whatever  mistakes  ho  runs  into.''     And 
since   the   great   univordc  of    verified   truth   nflfords 
almotil  unlimited  scope  for  rational  belief,  there  ia  I 
escu.te  fur  indiilgciice  in  uncertnin  ideas. 

Unifonnity  of  opinion  upon  undemonstrahle  subje 
is  not  practicable,  and  perliaps  not  dcginible,  but  in 
denioDBtrabh?  subject*  it  is  a  nivessary  rcsidt  of  tho  evi- 
dence. 'To  be  indifferent  which  of  two  opinions  is  inic 
(says  Locke)  it*  Ihtt  right  teniiH-r  of  the  mind,  that 
preaervot  it  from  )>eing  imposed  on,  and  disposen  il  to 
examine  nitli  that  indiffcrency  till  it  has  done  its  beet 
find  the  truth ;  and  this  is  the  only  direct  and  safe  w»; 
to  it.  But  to  be  indifferent  whether  we  embrace  faUe- 
hood  or  truth  is  the  great  road  to  error."  'Prove 
things,  and  bold  fast  to  that  which  is  good,'  is  escelleu' 

'  Uuixan  t'lJcr/iiiiullitj.  Imok  W.  ch.  irii.,  '  On  R4!&ion.' 

•  G.  C    Lcwli,    InjIufiM  qf  Authority  in    ATiittert  tif   Opinio 
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fldtlefi  biit  many  wiraa  mnst  wait,  for  »g«i  bi-fore  t!iey 
can  be  proved,  and  many  probably  will  never  be  proved 
•fc  sU.  Our  uncertainty  of  fbi.^  triitbfiilDMiti  of  no  idea 
depends  not  simply  upon  its  being  a  resiUt  of  inference, 
bat  upon  the  circumetauce  that  it  hat;  not  been  derived, 
citfaer  directly  or  by  means  of  ioference,  from  our  ez- 
perit^nce.  That  which  has  not  been  derived  from  exp&- 
rieoce  is  hypothesis.  B<*lii;f  foiiiKJcd  upon  i^omnce  is  a 
dangerous  kind  of  belief,  and  it  is  a  baxardoujt  practice 
lo  treat  an  unproved  and  unprorable  statement  as  if  it 
wwe  a  verififil  truth.  Wr,  hcwovcr,  froqucntly  believe 
tDore  firmly  an  uncertain  statement  than  one  ve  <-Hn  fully 
prove,  and  we  commonly  do  »o  bi-caviso  wn  wieh  to  believe 
it,  and  partly  K-cauoe  we  know  it  cannot  be  di!iproTe<l. 
However  true  a  dogma  or  hypothesis  in  science  may  be  in 
ftaelf,  it  if  to  us  a  dttad  utatement,  until,  by  iuvi'»tigutioD, 
h  i»  promd  to  be  a  li\ing  truth.  Unprovable  beliefn  are 
^ao  often  dangerou)!,  because  disputes  respecting  tliem  ars 
a  lrTtilevour<-i>  <if  sfrife,  injure  the  moral  feelings,  and  lead 
to  no  trustworthy  pondiuion. 

The  truth  or  labity  of  ncientlfic  Wiuf  is  ofl«n  a 
matter  of  the  highest  itnportance  to  ua,  and  in  ioich  casex 
we  should  spare  no  trouble  to  determine  it.  The  forma- 
tfoo  of  our  true  beliefs  dependii  upon  the  selection  of  true 
ideaa,  and  the  selection  of  ideas  is  an  act  performed  by 
the  intellect.  In  selecting  or  chooning  idi^a*  we  first 
«onpat«  them,  observe  their  similarities  and  diSerencea, 
then  infer,  by  an  act  of  the  reason,  which  are  the  most 
suitable,  and  deride  upim  them.  Neitlier  M)r  fei^liiign  nor 
the  will  ean  select  ideas,  because  tliey  cannot  compare 
tliinga ;  the  feelings  can  only  blindly  yield  to  the  idem 
which  most  slmngiy  excit*^  them,  and  thu  will  can  only 
azcite  a  stronger  mental  effort  to  carry  into  effect  idea* 
which  are  already  in   the   mind.     We   often  think   we 
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eek-ct  or  choose  a  1>elief  wlien  we  are  only  blindly 
liy  our  feelings. 

True  beliefc  hnvi-  wry  diffi-rcnt  clegree*  of  import 
in  themselves,  and  alio  in  every  (Jiffersnt  case;  and  h* 
again  we  require  the  use  of  the  intellect  to  det4>rtDiDe  the 
intrlDtio  iinjiorlance  of  a  given  belief,  or  itti  extrinsic 
value  in  a  given  case.  The  most  intrinsically  important 
beliefs  iu  scicnct;  are  tlioee  of  the  great  principles  and 
axiomatic  truths  of  nature.  A  judicious  selection  of  true 
KCtentitic  beliefe  is  indisjieusable  to  the  formation  of  a 
superior  intellectual  cliftrad.er,  and  to  the  aoiuiifition  of  tbc 
highest  scienti6c  ability — viz.,  that  of  truthful  diseem- 
ment  of  ctiiun.-«  and  explanations  of  phenomena.  I^otaot 
persons  cannot  understand  ^reat  or  high  principles,  and 
therefore  do  not  usuiklly  believe  in  them. 

True  freedom  of  selection  of  idea*  dependit  uf 
perfect  and  free  action  of  the  intellect ;  the  more  fr 
and  pcrfi^l  the  nction  of  the  mind,  the  better  are  we 
Me  to  select  true  or  important  beJiefs,  The  baata  gf  thi 
freedom  of  the  intellect  lies  in  the  Great  Cause  of 
things.  As  the  source  of  all  nature  in  the  ori^n  of  uU 
truth,  so  is  the  system  of  nature  and  its  principles  a 
system  of  truth  ;  and  as  the  intellect  of  man,  eo  fiir  as  it 
is  properly  developed,  ie  a  tnie  representative  of  nature, 
so  K  it  free  tf  at-t  in  accordance  with  truth  ;  and  the 
Ijjisis  of  freedom  of  intellect  is,  Ihen-fore,  its  libirty  to 
iu  hunuony  with  niiture  and  nature's  God.  So  tar, 
fore,  as  we  have  had  opportiiiiitii'«  of  cultivating 
intellect,  luid  esjKXiially  the  reasoning  power,  to  an  equ 
extent  are  we  responsible  for  our  belief. 

It  is  true  thai,  by  directing  our  attention  either 
the  whole  or  only  a  part  of  the  evidence  in  any  give 
ease,  we  can  voluntarily  infinenev  our  beHois ;   ImiI  this 
ability  u  dependent  upou  (he  cultivation  of  ihe  inti 
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becaune  we  cao  only  direct  the  powtr  of  att«ntioo  to  liat 
vhicl)  is  trw*  sad  important  l>v  means  of  u  previous 
knowli-dge  of  what  iti  Unie  and  importiint,  and  whnt  parw 
ticular  evidetwe  ought  to  be  attended  to,  i,e.  by  cultiva- 
tion of  tJii?  iutelleoliuil  power  of  eelfctiiig  idesi*,  ^n**  "f 
detcrmiBiiig  their  relative  degrees  of  importance  in  any 
givra  awe 

True  Kientific  belief  is  bn^ed  upon  reaaoD,  i^  upOD^ 
niitubli?  and  ^uffic-ient  evidence.     Upon  tmcb  a  basis  it 
in»y  hv  affirmed^ 


1.  That  it  is  a  uiornl  duty  to  believe  any  Kci^rulifie 
statement  which  is  log^ically  absolate,  mathe- 
mnti cully  dvinonttt ruble,  or  cxpLTimcntally  or 
obeer^-ationally  verifiable — provided,  of  coiiree, 
that  we  have  had  an  opportuuity  of  perceiving 
And  undcrHtnndin;;  the  pvidrnor. 

3.  As  life  in  too  short  to  enable  us  to  verify  eitensively 
more  thnn  a  very  smaU  fraction  of  our  gcientifie 
belief,  we  may  reasonably  and  jiiKlifiably  bidi«ve 
what  we  do  not  know,  provided  the  statement 
wliicb  we  perceive  is  not  only  not  contradicted 
by  any  of  tlie  fundamental  laws  of  the  sciences 
but  is  in  perfect  accordance  with  and  eupported 
by  them.  We  may  also  b*-lieve  scientilic  »<atc- 
ments  made  by  good  authorities. 

3.  Vr'c  arc  equally  bound  to  hold  our  Wlicf  in  suspense 
respecting  any  scientifie  tttateraent  or  hy]K>th<»is 
for  the  support  of  which  there  exists  no  definite 
«vidcD<w,  or  in  n-lation  to  which  the  evidence  for 
and  against  appears  equally  strong,  even  allliough 
it  does  not  contradict  any  of  those  laws.  Wc  are 
not  mortilly  bound  to  Itelieve  a  doctrine  in  support 
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of  vrtiioh  we  have  not  sufficient  fli-ideotc^.  *  In 
contemplation,  if  a  man  b«-^n  with  certainties 
be  shall  end  in  (toiibtti;  Imt  if  be  will  be  coat«Di 
to  beg:iQ  with  doubts  be  shall  end  in  certaintiee.' 

4.  Wo   may   rcamoualily   dialjclicvc  any  statement 
MJonce  which  we  pcr<^eive  really  contradicts  any 
of  the  fundamental  laws  of  the  sciences.     And, 

5.  Ill  all  cufcs  it  IN  a  duty  to  proportion  the  Grmm 
of  our  belief  strictly  to  the  strength  of 
evidence.  That  wi-  are  morally  boimd  to  seel 
Inie  belief«<  and  avoid  fal^e  and  uncertain  om 
»nd  properly  regulate  the  strenjjth  of  our  betiefe,' 
i*  proved  by  the  punishment  Hwfirdtil  to  if^norancft: 
and  error;  and  by  strictly  proportioning  oor. 
belief  to  the  strfngth  of  thw  tvicUincc,  our  miodft 
are  also  kept  open  for  the  reception  of  proof- 

Tlie  (jueation,  what  is  sufficient  e\'idenoe  to  warran 
belief,  is  a  difficult  i>no,  and  is  often  superseded  by  an' 
other,  viz.  how  much  evidence  can  we  obtain  ?  A»  hum: 
life  and  opportunities  are  altogether  too  limited  to  admit 
of  our  obt^inio^  ad('<|uat«  evidence  npon  all  ibc  cbie: 
points  of  necessaiy  belief,  we  are  not  boimd  to  do  impom 
bilitics  even  in  the  most  important  questions, and  we  m 
in  every  ca^  be  content  with  what  wo  can  gc-t.  A 
fectly  reasonable  course  is  to  obtain  all  the  evidence 
can.  and  proportion  the  strength  of  our  belief  in  nccon 
auee  with  it.  Different  ptopositiona  have  every  differei 
de^iproe  of  oredibility.  Practically,  a  preponderance 
evidence  determines  our  minds,  and  is  sufiicient  to 
rant  a  proportionate  degree  of  belief.  In  matters 
ordinary  occarrence  we  are  often  obliged  to  he  satisRed 
with  the  fiict,  tliat  we  once  examined  tbe  question  aa  far 
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ire  co^^'eni<^DtIy  could,  and  came  to  our  {neaent  coo- 
duiioa,  without  being  able  U>  remomber  how  wo  anived    , 
St  it ;  bat  la  scientific  research,  when  ire  examine  a  quM-  \ 
tiiOij  we  should  do  -dci  botli  fuirly  nod  fullj.     We  nn  not 
»bl«  to  nn«m  perfectly,  and  are  therefore  only  morally 
bound  to  rcAiton  m  well  a^  we  can,  and  take  tlin  con* 
sequeoew ;  pumahmenl  helps  11.1  to  do  Itetter.    In  mattera  J 
beyond  our  »cnM-t  wo  are  obliged  to  trust  to  infcrt'iice  and 
analog,  and  in  thode  beyond  our  pcrMnal  experience  we 
tn»t  to  humao  testimony,  and  this  has  often  us  much 
praiCtiGal  foroe,  and  evua  mora  upon  avvragv   intellects, 
tfaan  a  mathematical  demonstration  would  have ;  but  that 
hf  DO  means  proves  it  to  be  equally  certain.     Mttu  »L<o 
are  often  oUiged,  in  daily  life,  to  act  iipim  authority  and 
wry  incomplete  proof,  and  run  the  risk  of  mistake.    As 
authority  id  ittt^lf  l>a«<.-d  upon  R-asouablc  belief,  and  reason-  J 
able   belief  U  l>a.4e<t  upon  aufficitfut  evidence,  it  is  only  j 
wlien  autLority  affirms  more  than  the  evidence  wartanU  | 
tlutt  be  lief  hoped  ii{)oii  it  is  dangerouii. 

Tike  age  of  au  opinion  is  not  a  sufficient  proof  of  its 
tnitli ;  men  kmg  believed  that  tJie  earth  wa»  a  plane. 
AL'u,  neither  instinct,  oouvicllon,  conitcioui«na>s,  nor  con- 
tris'uliiliiy,  in  Iliemsclvt^  however  strong,  are  proof;  we 
may,  for  example,  be  convinced,  be  conccious,  conceive 
and  ttf&nn  that  the  earth  is  a  plane,  m  men  onco  univer- 
(Olly  did,  and  some  do  now ;  or  that  the  humiiu  will  is  *  a 
Riperoatural  power '  and  < independent  of  natural  law;" 
bot  to  each  oiiiu^  it  wotdd  only  be  au  affirmation,  and 
sfiinnation  of  important  statement!!  wiUiout  proof  is  often 
daugoroits.  In  matters  of  science  it  ofton  happ^s  that 
explitiuitiiins  which  are  incoiicoivablc  to  an  ignorant  man, 
ur  even  to  most  men,  are  the  only  true  one*.  The  lirst 
law  of  motion,  now  considered  an  axiom,  wa«i  inoonoeivuble 
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^H        before  the  time  of  N«wton,  »at)  wliva  Gr»t  proposed  woa^ 
^H        ohj<-ct«d  10  as  being  coDtrary  to  all  experience!     Tliat 
^H        also  vbich  to  all  of  iu  is  at  prevent  inoonoeivable  ia  not 
^H        U4tcv»»arily  untrue. 

^H  As  in  the  past  our  belie&  have  been  largelj-  fonnded 

^H        upon  uppcaraiices,  and  have  inoiiy  of  them  bv«ti  reveTsed 
^        by  deeper  knowledge,  so  may  we  reaaonablv  expect,  in 
accordance  vrilh  the  principle  of  unifortoity  of  nature,  tlial 
tlie  fttme  process  will  continue  to  operate  in  (i>c  liiturt^, 
and  that  even  Home  of  our  most  attractive  beliefs  (except- 
ing tho»(^  which  are  ln^inally  alnsuhite  or  d«moQetrable  In 
science)  will  suffer  a  similar   fate.     And   as  we   should 
avoid  error  an  ircll  as  ncce pt  truth,  so  shoidd  wc  ent 
undeinonstrable  and  unveritiable  statements  in  such  at 
that,  when  they  have  wrvi-d  tlieir  purpose  in  Ihe  progt 
^^-        of  nature,  we  may  resign  them  without  a  stniggle. 
^B  I'be  statement  that  we  are  compelled  by  the  circum- 

^^        etancr*  of  life  to  belitive  much  that  in  faUf,  is  ba^ed  upo^HJ 
I  the  fact  of  gradual  human  progress  and  development,  aotm 

I  nnr  consequent  transitional  state.     The  amount  of  tmth 

^H        in  it  would  be  much  le.ts  if  men  in  general  had  more  ivHt 
"        denial,  and  were  much  more  careful  to  suspend  their  beU« 
in  all  case*  of  absence  of  evidence.     The  sourcM  of  oom-* 
pubciry  false  belief  He  not  in  external  nature,  but  in  oar 
selves,  and  may  many  of  them  l>e  traced  originally  to 
impeifecttOQS   of   all   our  physical  and   mental   powe 
Whil.Ht  also  nature  is  pntctically  infinite,  alt  our  facultic 
are  extremely  finite,  and  very  imi»erfectly  educated.  Man*| 
mind  is  a  mirror  of  nature,  but  a  mirror  full  of  defects. 

LTo  bo  imperfect  and  more  or  leJis  in  error  are  o 
usual  states.     That  it  is  our  bodily  and  mental  condition 
which  are   tlie  chief  original   ukiises   of  our  numerou 
f:dse  ideas,  is  shown  in  several  ways.     Our  beliefs  respect 
iug  nature  are  largely  formed  by  our  unoorreeteil  impr 
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Anything  wliicli  w«  cunnot  pprcetvc  bv  the  aid  of 
intWD,  w«  iirK  apt  \a  l>elit:vo  ditv*  nut  oxixt.  Thrrv 
however,  whole  multitudes  of  pheoomena  which  oon- 
tionally  «xirt  or  bup[M;n  without, our  directly  pcrccivin);^ . 
theotf  because  we  do  not  poaaeu  senses  suitable  fur  th« 
purpose.  ITiua  wo  mo  totally  unable  to  perceive  by 
means  of  our  senses  an  immense  nninber  of  conditiona 
sod  changes,  ma^^etic  and  other  molcctikr  phenomena, 
which  are  oontinuAliy  existing  or  taking  p\iuv  in  malvrifti 
substances  and  in  ourselves.  In  consequence  also  of 
ibc  finite  extent  of  our  senitcs  the  eflcots  prodiicod  upon 
tu  by  the  circumstances  of  the  external  world,  or  by 
tfae  phyxical  and  chetnienl  chanj^cs  within  us,  are  not 
proportionate  to  the  real  magnitude  of  the  phenomena; 
the  ma^itnde  of  extremely  great  things  wo  cannot  ade- 
quately appreciate,  and  exceedingly  ttraall  tbingK  we 
ftanoot  at  all  perceive ;  and  even  of  the  multitudes  of 
peTCOplilJe  thiugit  around  uk  we  i^n  only  otsoTxe  at  once ' 
a  veiT  small  proportion.  We  are  at  the  same  time  the 
oenrly  bclple^w  ercuturcs  of  nen'ous  impressions,  ttnd  arc 
largely  unable  to  prevent  ourselves  being  impieaswi  liy 
those  circumstances  which  we  directly  perceive.  Whilst  a 
few  tilings  ihiw  compel  uk  to  feel  their  pn-iMJOce,  a  mtdti- 
tude  of  others  do  not  aSect  our  consciousness  at  all,  and 
our  immiHlintr  experience  thu#  miiJeadK  us.  The  scnsii- 
Unns  and  impresaions  also  which  we  receive  from  one  phe- 
Dotnenon  arc  almost  invariably  mixed  up  with  tliose  wo 
almost  simultaneously  receive  from  others  and  from  our 
1  phyiiical  &ame,  and  we  can  but  rarely  exclude  all  hut  the 
I  cme  we  are  observing.  Also,  whilst  myriuds  of  things  and 
I  oetiuns  exi*t  simultaiieotLtly  around  and  within  \ia,  we  are 
I  qtdt«  unable  to  tltink  of  more  than  a  few  (eome  persons 
I  any,  five  or  six)  at  u  time ;  oven  a  UDgle  thought  requireS'| 
I    time,  and  it  wouUl  occupy  us  several  years  to  think  of  each 
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indiridu&t  blade  of  giasa  that  exists  ia  a  nogle  field, 
additiuu  to  thiis,  even  thv  highest  dvgnrc  of  cducution 
the  Bensea  and  intt^UtM^t,  liaiMsd  upon  the  experience 
a^H,  han  only  niatl^  known  to  utt  an  extremely  minut 
ffuctiou  of  all  the  phenomena  whicli  reslly  exist 

Xot  only  luc  there  whole  muUitudoK  of  phiMiomc 
■wbicb  we  cannot  directly  perceive  by  means  of  our 

ad  feeling  (or  even  indirectly  by  the  further  aid  of 
intellect),  but  ev«»  those  we  do  perceive  (by  «ither 
those  means)  frequently  appear  the  opposite  of  the 
rcalititffl.  That  realities  are  often  the  opposite  of  a.pf 
aocea  Ik  h  well-kni>wn  remark.  Gvt^n  thv  most  profom 
thinker,  if  he  is  ignorant  of  the  fundamental  principles  • 
science,  ii  \v>i,  by  studying  bi«  conNoiousness  only,  to 
aasiime  that  causation  is  not  universal,  and  to  conclt 
that  volition  if  freo  from  law.  In  consequence  of 
very  imperfect  insight,  error  bo  frequoiitly  appeiint  to 
like  truth,  and  tmth  like  error,  and  a  superficial  ei 
amiuation  to  often  yibldti  rt'Hults  oppo«it«  to  those  obtaioe 
by  a  deeper  one,  tliat  apparent  contradiction  or  inc 
aistency  may  be  frequently  and  wifely  re^^ardod  as  a  si| 
of  truth.  In  nature  there  are  many  apparent  cuutradic 
tions,  but  no  reiil  ones.  Nature  is  always  true  to  itself^ 
and  more  ext^^nsive  and  deeper  knowlMlge  often  modifioa 
and  sometimes  reven^-j  our  previous  beliefs.  The  heaireas 
app<!ar,and  were  long  believed,  to  revolve  round  the  eartli. 
When  also  we  sail  in  a  ship,  or  travel  in  a  railway-car- 
ziage,  flUTTouiiding  objcict^,  and  not  ourselves,  appear 
to  move.  Exceptional  cases  also  ofti^n  modify  our  most 
general  conclusions.  If  there  were  no  ajiparent  contra- 
diction!<  ill  our  statements  oi  view.''  of  natural  pheuomen% 
suob  statements,  &«.,  would  probably  be  less  trustwortliy ; 
and  apparent  conlr»dicTti<in«,  which  disappear  on  rigid  scr 
tiny,  are  a  sign  of  truthfulness. 
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CHAPTER  IX. 

BKaOR   aH1>  riLLACT    IH   SCIKin'iriC  KEiiB.\RCU. 


£rran,  like  titniirs,  ti\>oa  the  Kur&cP  flow  : 

Ho  wbo  would  wuch  for  pearla  miut  div«  belov. — Drtdex. 


Erbou  id  wience  h  on  iDvolimtaty  and  unoonKcious  de- 
TiBtion  firom  Ute  tmtb  of  nature.  The  great  and  final 
aim  uf  all  pure  xiiuutifio  ru«i-arcli  is  the  acquisition  of 
new  and  tTuthful  idea^  of  natural  phenomena ;  tiivTvfore, 
io  research,  we  slwa^it  endeavour  so  to  act  that  the  truths 
of  oittuiv  «ha]|  Ix-  properly  tran«latvd  into,  and  repre- 
sent^ by,  ideas  in  the  miud ;  and  auv  act  we  coiumit 
dunng  the  process  of  transUtiuu  which  in  any  way 
(linden  or  preveuU  the  attaiumt-Jit  of  thin  elTix^t,  wn  tircn 
ta  eiTor,  or  fallacy.  By  error  in  science  ia  also  meant 
May  fiilK-  belief;  and  by  a  fallacy  is  nit^nt  an  t:rivr  wluch 
is  hidden  or  latent.  By  errors  in  scientjBc  research  are 
also  usually  meant  thuM  phenomviia  which  we  wish  to 
lacludL-  in  order  to  obtJtin  an  nnmixttd  (or  the  siinpleft) 
result ;  aUo  any  erroneous  circumstance  or  imperfect  act 
which  leads  to,  or  produces,  a  fali<e  belief.  Many  errors 
arc  uuly  parttul  oni-y,  and  mo.<t  have  some  appf^araiice  of 
truth. 

As  the  object  of  all  fcienlific  rctwurch  'uf  l.lit,*  utUiinmeut 
of  truth,  and  as  mistake  hinders  that  object,  a  knowledge 
of  error  and  the  means  of  avoiding  or  correcting  it  i» 
often  a  condition  of  xucccsn  in  rcswiTCh.  Quick  perception 
of  Lniih  a  far  more  important  than  a  keen  scent  fur  evil 
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or  error ;  but  fallaoit-e  are  frequently  be«fions  to  (]ia«Averj-, 
aiiil  iho  rfojguition  of  them  is  often  u  great  step  towardB 
the  attainment  of  truth,  be{!aii«e  it  enables  lu  to  dimiDi^h 
the  number  of  uncertain  points  to  be  settled. 

Next  to  th«  (iiKcwvcry  of  truth,  tlie  most  importAQt 
circutnetance  to  attend  to  in  original  scientilic  research 
is  the  ftvoidancL-  of  fallacy,  to  'unmatik  fulm;hood,  and 
bring  truth  to  light,' '  Fallacy  U  Uie  woriit  kind  of  error. 
If  also  we  hold  an  erroneous  belief  we  must  abandon  it 
beforo  we  can  receive  the  truth ;  and  if  that  belief  i«  a 
firmly  fiscd  one,  the  removal  of  it  is  s  very  difficult 
)natt4.'T.  AitaUo  in  original  research  there  are  alvrayn  very 
many  ways  of  going  wrong,  and  usually  only  one  (or  at 
most  a  few)  of  going  right,  we  need  to  \x-  continually  oo 
oiu-  gniard  le:iit  we  m^y  make  a  mi^d^ke. 

In  such  research  we  are  liable  to  fall  into  error  at 
every  step.  At  the  very  outset,  the  stiuemeot  we  assuiue 
to  be  a  fciot,  and  which  we  wiah  to  investigate,  may  not  be 
a  fact  at  all ;  or  the  hypothesis  we  have  ima^ucd,  and 
which  W(!  intend  to  eiamlae,  mny  have  no  potable 
counterpart  in  nature.  In  testing  a  statement  or  byp<^ 
thesis  also,  we  may  arrange  our  tests  in  an  improper  way, 
make  the  experiments  carelessly  or  impiTfeet  ly,  inUtuke 
our  sensations  or  impressions  for  the  true  effects  of  the 
experiment)!; ;  observe  the  results  with  the  aid  of  inaccu- 
rate insti'uiiirnts,  or  whilst  infiuenced  by  a  biaiwed  oc 
prejudiced  state  of  mind,  or  an  ill  state  of  bodily  healtfa, 
t)iu«  receive  false  perceptions  of  tliem.     We  may  also 

ie  f'abe  comparisons,  and  too  extensive  generalisatioQg 

our  observations,  and  draw  illogical  or  impurt'cct  in- 
ferences from  them. 

To  an  inexperienced  investigator,  in  particular,  a  study 
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the  various  5ourc«fi  and  forms  of  error  and  fallacy  is* 
ciall;  impoftunti  because  he  is  exlremcly  xpl  Ut 
misled  by  tbt-in,  and  u>  grvally  under-estimate  their 
variety,  mtmber,  and  apecioUH  character ;  nor  can  bis 
study  of  t)i<.-in  be  cummencpd  too  »oon,  bucaujn^  nil  error 
oomtnittbd,  or  a  fallacy  unobxervcd,  in  tb«  early  part  of 
an  cvigiaal  research,  is  liable  to  affect  seriously  all  the 
rt^uli^s  "lid  all  the  concltuions  dranii  itom  tJiem.  It  in 
odd  tliat  tht'  luU;  Mr.  Builry,  in  bis  res<^arch<»  on  the 
density  of  tht!  earth,  discovered,  after  several  years  of 
labour  and  making  a  multitude  of  expcrimcut*,  an  error 
pvr^^ding  tlwwhoU-;  and  \w  had  to  correct  the  error,  and 
then  repeat  all  of  the  experiments. 

A  single  »«rious  error  htUE,  in  eomo  instant-cK,  caused 
an  iuvetitigaior  to  abandon  science.  The  following'; 
examplp  is  fjivcn  by  Dr.  Thomson : — '  Chenevix  was  for 
»evi-rai  years  a  mo»t  laborious  and  meritorious  chemical 
experimL-nter.  It  is  much  to  be  regretted  that  he  should 
luve  bt-en  inducx.-d,  iu  coii)tc({uence  of  tfae  mistake  into 
icbich  be  fell  respecting  palladium,  to  almndon  ohemistry 
allogetbcr.  Pidliidium  was  ori^pnally  made  known  to  the 
puliUc  by  an  anonymous  han<lliill  wliioh  was  circulated  in 
London,  annotmciof^  that  palladium,  or  new  silver,  was 
an  sale  at  Mrs,  Kor»t«r's,  and  diwcribing  it*  properties. 
Cbeoerii,  in  consequence  of  the  una-tual  way  in  which 
the  diiMSovery  was  announced,  naturally  considered  it  as 
an  imposition  upon  th<-  public  He  wi-nt  to  Mr^ 
Forsicr's,  and  purchased  the  whole  of  the  palladium  in 
ber  pow^ession,  and  set  almut  examining  it,  prepossessed 
with  the  idea  that  it  was  an  alloy  of  some  two  known 
metals.  After  a  laborioius  set  of  experiments,  he  con- 
sidered that  he  had  asoortuioed  it  to  be  u  oompoimd  of 
platinum  and  mercury,  or  an  amalgnm  of  platinum  made 

s  peculiar  way,  which  he  describes.     The  paper  wa« 
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read  at  a  meeting  of  the  Royal  Society  1^  Dr.  Wollnsto 
who  was   Secretary,  atid   aflcrwardi   puUislicd   in    t 
"  Tranwuitioiis,"     Soon    after    tliis    publication    another 
anonymous  handbill  van  circulated,  offering  a  conitidcr 
able  prict;  for  every  j^iii  of   palladium   made  l>j 
Olienevix's  process,  or  by  any  other  process  whatever.     Ni 
pvnion  appcMiriug  to  claim  the  tnom-y  thus  offcrud, 
Wollaston,  about  a  year  after,  in  a  paper  read  to 
Roya]   Soficty,  acknowledged  himself  to  have  bt-cn  tie 
discoverer  of  palladium,  and  relat«d  tJie  prooi'jw  by  vhi 
he  had  obtained  it  from  the  solution  of  crude  platioa 
aqua  rrf^ia.      There  eould  be  no  doubt,  aftrr  ihitt,  tJial 
palladium  was  a  peculiar  metal,  and  that  Chenevix,  i 
his  cxpL-riments,  had  fallen  into  some  mistake,  probably: 
by  inailvertcntly  irmploying  a  >inluti(>n  of  palladium  i 
stead  of  a  solution  of  his  amalgam  of  platinum,  and  thi 
givinii  the  properties  of  one  soliitiou  to  the  otLer.     It 
very  much  to  be  regretted  that  Dr.  WoUaston   altowi 
Mr.  Chenovix's  paper  to  be   printed  without   informi 
him,  in  the  first  place,  nf  the  tnie  history  of  palladium 
and  I  thin);  tiiat,  if  he  had  been  aware  of  the  bad  con- 
scquenoii^  thai  were  to  follow,  and   Ihai   it  would  idlj- 
mately  occasion  the  loss  of  Mr.  Chenevix  to  the  science, 
be  would  have  aetwl  in  a  diffin-jit  niiulOcr.     I  have  more 
than  once  conversed  with  Dr.  AA'ollaston  on  the  subject, 
and  he  assured  me  that  he  did  cveiytliing  that  be  could 
do,  sliort  of  Iw'traying  his  secift,  to  prevent  Mr.  Chonevii 
from  publishing  his  paper ;  that  he  had  chilled  upon 
a^urotl  him  that  he  himself  had  attempted  hiit 
without  being  able  to  succeed,  and  that  be  was  Kilisfi 
that  be  bail  fallen  into  some  mistake.     As  Mr.  Chen 
still  persisted  in  his  convictioD  of  the  accuracy  of  hi^  o' 
experiments  after  repented  warnings,  perhaps  it  is  not  vi 
surprising  thai  Dr.  \Volla«toii  allowed  him  to  publish 
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paprf.  tlioogli,  had  he  been  aware  of  the  cnnwfiucnccB  to 
tbeir  fuU  extent,  I  nm  pereuaxloc]  that  he  wouhl  not  havdj 
done  so.  It  comttt  to  Ix-  a  quc>stion  whether,  had  DrJ 
Wollarfoo  informed  him  of  the  whole  secret,  Mr.  CJicnciiHx 
would  have  been  convincwi,' '  An  instructive  moral  may 
bv  drawii  hj  a  KJentific  jnvcvtif^tor  from  this  example, 
especially  the  great  danger  of  being  too  strongly  impnt 
with  a  precoDocivvd  idc4i,  and  tht  duty  of  not  holding 
byiut ))•-:•  IK  aa  if  it  were  a  fixed  truth.  Notbing,  also, 
eSectiially  destroys  the  motives  for  research  and  the 
pli-ni^iirc  of  «)iol)  oociipntioii,  uk  to  find,  after  having  made 
and  pntjlthrd  a  laborious  investigation,  that  the  conclu- 
sion was  all  a  mii^takc. 

It  u  important  for  a  young  inve.>tigalor  to  be  aware 
of  the  possible  extent  of  error.  If  we  a-taumc  that  to 
know  is  It}  truthfully  apprcOiend,  wc  cannot  know  (al- 
tliougfa  we  may  believe)  that  which  contradicts,  or  iii 
iocoosijtent  with,  natural  truth — i.e.,  wc  cannot  truly 
know  an  idea  which  is  false  in  itself.  In  accoHanci-  with 
tiufl  aeauption,  the  region  of  possible  error  mu&t  he  at 
leavt  co-equal  with  that  of  po^tihle  truth,  bi-causc  for  each 
.^if  li  there  may  exist  in  thought  its  negation,  or  oppowte; 
and  the  subject  of  mental  error  is  oomplementa!  to  that 
of  knowledge,  because  the  two  together  ciinKlitute  the 
entire  range  of  powiblc  belief.  I  tihall  therefore  con6ne 
myself  to  n  oonHideration  of  the  chief  clatWM  of  cirorg 
which  are  likely  to  bo  committed  in  making  reKcarchet 
in  physiM  and  chemistry. 

The  great  and  primary  aouroe«  of  error  are  the  im- 
perfc^l  action  and  limited  extent  of  all  our  power!:,  and 
especially  liat  of  the  intellect.  In  order  to  avoid  error 
and   arrive  at  truth,  all  our  lower  powers  require  to  be 
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re^ilatcd  and  corrected  by  iJie  higher  chim;  the  bodily 
powers  by  lltc  seniwis  the  fcmtss  by  perception  and  att*^- 
tioD,  porceptioD  and  attention  by  compftrison,  and  com- 
parison by  reason  and  inference.  Abeeoce  of  Uns  condi- 
tion  is  a  large  amirce  of  our  migtnkes,  and  even  if  ihis 
condition  were  fidBlled,  our  knowl^d^,  )iUliou(;h  highly 
certain  as  far  as  it  w™t,  would  still  bo  limitwj  by  our 
finite  powcTn;  and  if  our  fai^ultii-K  went  infinite,  we  ahoidd 
At  a  glance  perceive  all  things,  and  scientific  research 
would  not  bf  rwjnired.  A*  reason  intlippower  by  tneannof 
which  we  rec(igni9e  tnith,  all  onr  fectdtirs  for  discovery 
should  l>e  governed  by  it ;  ub«cnce  or  deficiency  of  aiding 
power  by  the  intellect  pem>itii  a  whole  host  of  mistake* 
to  be  committed  by  all  our  other  powers ;  and  imcorrccted 
femation,  instinct,  and  con»cioii«ness,  have  in  this  way 
been  the  *ource  of  our  moat  serious  errors. 

Our  errors  arc  umnlly  mi>rc  serious  and  nnmcrous  in 
proportion  to  the  difGcnlty  of  the  montat  perforroanee. 
We  make  more  errors  of  observation  than  uf  «n«itlon, 
and  of  gene  rid  ii*a  tion  than  of  tib*cr\Tition,  and  a  still 
greater  number  in  nnalyKing  and  combining  tlw  evidence 
and  drawing  coiiclusiim.i,  Imk'humh  the  latter  are  th<; 
tlcular  m*?nt;ii  actions  the  most  ditHcult  to  correctlj 
peribrm.  The  tni»tworthincs»  of  our  ooncltuioii^ 
depends  upon  that  of  all  our  other  powers,  and  if  ti 
ideas  we  obtain  by  mc-aus  of  those  powers  are  invxact, 
inferences  we  draw  from  them  are  almost  sure  to 
incorrect. 

Error  i«  extremely  prevalent.     In  nearly  all  men  th 
fear  of  error  is  even  more  feeble  than  the  love  of 
and  the  wlxh  to  do  right ;  f<-w  consider  it  a  moral  duty  tfT 
swtk  the  Ijest  means  of  finding  the  tnilh,  and  still  lew  to 
a%-oid  «nor  Or  uncertainty  ;  partly  in  con^iienee  of  this, 
they,  with  their  finite  facultieM,  enter  without  due  ohi- 
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•■  '        "  rj  info  del)atabl«  sulyitts,  und  draw  unvrurmntal: 
><  uM  re«pcvting  que^iion.^  wliicli  eillii^r  Hi-  bttjfosd 

tbeix  powers,  which  are  unprovable,  or  which  have  no 
icMtoriiitiou  in  truth.  Sudi  (juis>1ionM  axv  nbuiKJiiiit,  au^ 
are  mOi^  ntlraotiTe  to  unjicientiGc  persona;  in  dtHcu^jiinj 
thnn,  the  greatest  intellects  nru  reduc«(l  ni'tirlj'  to  the 
level  of  the  nioHt  unreasoning  minds,  and  superior  liiiovr- 
ledgc  is  of  but  little  advaulagu — men  talk  about  them, 
but  make  Uttl«  progr«i»,  and  develope  but  little  new 
truth.  A  similar  instance  of  the  lowering  and  levelling 
uF  intellect  and  reason  is  wtcn  in  scieutiflc  »iibjcctH  whilst 
the  latter  are  in  a  enide  state,  and  nnt  reduced  to  law  and 
order. 

We  dmuld  not  only  love  truth  and  fear  error,  but  also 
avoid  doubtiul  ideas  as  we  do   the  society  of  doubtful 
chanctcn;   all  eminent  discoverers  have  shunned  them, 
and  Faraday  was  a  coii^ipiciKtus  exampli;  of  thiii;  but  in 
this  matter  most  men  are  entirely  off  their  guard,  espe- 
cially if  the  idwis  are  attractive  ones,  and  entertained  by 
reepectable  society.    To  believe  we  know  that  which,  on 
aoconiit  of  its  uncertainty  or  of  our   finite   powers,  wa^ 
cannot  know,  is  a  gn^aler  error  than  to  remain  igiiorauti'{ 
because  it  misleads  us ;  and  the  proper  name  for  such  &< 
ulant  of  mind  is  coneeitt'd  itjuoranoe.     However  objection- 
able also  the  so-called  •  pride  of  intellect '  may  he,  that  of 
«ich  i^onuioe  is  slili  greater.      The  f;reat(?«t  fool  will 
imdertake  to  settle  the  most  complex  questions. 

A  preat  many  errors  arise  from  mistaking  appearance^' 
for  realities.  The  moxt  extrcmie  and  douhlful  ideas  oftea' 
oontain  some  genu  of  truth,  and  the  most  apparently 
MlUfactory  aud  safe  ones  frv.-i|uently  iucludo  some  error. 
The  ewence  of  an  idea  or  phenomenon  is  usually  unlike  the 
thing  itself.  Nearly  all  human  ideas  contain  some  degree  of 
• '!  every  apparent  error  usually  implies  some  truth*i 
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The  vildost  hjpothp!«B  and  doctrinfts  agree  in  some 
tlioir  parU)  with  what  wo  know  to  Iw  tnie,  .in<J  it  in  fre*' 
qiienlly  l>ecauae  of  this  they  are  so  tenaciously  adhered  to. 

Thf  ffTwit  hulk  of  our  errors  «rc  an  iuui<]<-ntal  accom- 
paniment of  the  necesaarily  gradual  acquisition  of  know- 
ledge through  nil  time.     It  it  u  part  of  the  history  of  civ: 
lidation  and  human  progrc-w,  and  «  necfl«ity  arising  fro: 
our  6nite  powers,  that  until  we  can  acquire  the  rc«}uisi 
knowledge  '  we  must  rid)  iilong  ii*  well  as  wc  can.' 
l>e«t   mmedy  for  this  state  of  things  is  to  hold  our  belli 
hanestly,  as  an  unproved  hypothcti)-  in  all  unveriliAd  csscfl 
and  this  if  ainn  a  mnrnl  duty. 

One  of  tlie  most  fatal  causes  of  error  in  a  research  i 
ignontnce  of  the  uwcnttal  id»«i<  of  the  cuhjeet,  »»d   iit& 
only  remedy  for  this  ia  to  become  educated  in  the  matter. 
Sometimes,  however,  we  arc  in  the  still  worse  plight  ol 
buEng  ignorant  of  our  ignorance,  and  then  there  it  h 
little  hope  of  amendment.     Wrong  ideas  stimulate  us 
commit  wrong  acts ;  and  ignorance  and  Buperficial  knoW' 
ledge  are  the  bane  of  life.     One  of  the  greatest  hindr: 
to  the  progress  of  original  rwcnrcli  is  the  great  readJnei 
of  mankind  to  believe  in  appearances  in  prefercjicc  tO" 
realities,   because   the   Utter   require*    more   intellectual 
exertion,  and  the  fonner  they  can  more  eaiiily  undt.*rstaiMl. 
Some  of  the  greatest  errors  of  mankind  have  arisen 
this  canse,  which  itself  han  it*  origin  in  ignoranoe.     I; 
ranoe  of  the  east'Otial  ideas  of  a  subject  often  arise*  ft 
imperfect  thought,  caa«od  by  insufficient  time  for  study 
and  thi«  i»  a  common  let  of  mankind.     Many  errors  a 
produced  by  attributing  a  wrong  degree  of  prolnability 
of  Tclativv  import^ince  t^^  a  cireumHUinee;  and  this  itae! 
arijtes  from  defective  scientiRc  knowledge  and  judgment. 

Vrong  aj^HiH-iation  of  ideas  iK  also  a  souioe  of  error 
tiie  mo«t  essential  bond  of  a-iaociation  is  not  tJint  o 
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larity,  but  df  canaation  :  the  relationship  of  cause  and  efFrH!t 
i»  oF  n  more  ftindam^utJil  ualiire  than  that  of  similarity ; 
tilt?  chirf  principle  of  the  great  plan  of  nature,  which  wc 
sboiilrl  en(l«aTo»r  to  represent  in  onr  miiidti,  is  not  that 
of  eoUection!!  nf  nmilar  things,  but  of  iinitj  in  divCTKity, 
mad  the  two  combiae,  by  the  great  principle  of  caiiiiatinii, 
to  fonn  a  hxrmonioiMi  wh^le.  Thin  is  th«  idwi,  hy  mftons 
of  the  development  of  which,  the  mind  of  man  is  moAfrj 
truly  conicrtcd  into  a  correct  irnBg(i  of  the  grcttt  Can 
of  all  things.  Nature  is  much  less  truly  represented  hy 
coUectioDS  of  similar  thinf^  thun  hy  branching  series  of 
diflemit  b«t  reJated  one^. 

Another  source  of  error  is  absence  of  syBtematic 
srtane^Rivnt  of  ides*.  This  may  atnally  I*  remedied  by 
proper  rlaxiification ;  i^,  writing  them  down  singly  and 
separately,  dividing  them  into  Htiitnhir  groups,  selecting 
t  hr  most  important  oneti  for  treatment  tirstl.,  itnd  arranging 
the  ideas  of  each  class  in  s<ich  a  manner  that  those  which 
pTwede  shall  incliidt!  OKise  which  follow.  ATiolhiir  cause 
is  want  of  attention  or  concentration  of  thought,  and  this 
itself  is  «ft«i  cati»ed  hy  al>«cncp  of  mcntnl  diwiplinc,  and 
often  aUf  by  the  intrusion  of  theeareaof  life  or  other  idtta 
npnn  the  altenlioti.  No  man  can  understand  a  subject,^ 
and  psiK-cially  dirooror  new  scit^nt  ifio  truthit  whieli  tax  his 
utmost  intellectual  powers,  whilst  other  ideas  are  fore 
upon  bis  Dotiee.  Another  cause,  thotigh  not  n  common^ 
mv  in  nriginal  research,  is  the  u-ie  of  wrong  tea'ms;  the 
nire  for  this  is  to  select  the  right  ones,  which  may  usually 
Ik>  done  hy  the  aid  of  wiiMible  Iwoks,  such  as  diiaionari4,-s, 
glofMtries  of  terras,  books  of  synonyms.  &c.*  The  clear 
proposition  of  n  prohlem.  or  the  precifce  stalMiicnt  of  a 
qDc«U(in  or  hypothesis,  is  oHen  of  greater  importfince  than 
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the  solution  of  lU  bpcati»e  it  is  oflen  preliminary  to  tt  and 
tbc  coQililion  of  it. 

Mentnl  confiwioD  also  Inuls  to  error,  aad  Id  scientific 
research  is  wonc  than  error  itself,  because  wlien  wc  detect 
oureelves  in  error,  wc  havo  only  to  adopt  the  opposite 
oourxe  or  belief,  or  merely  retrace  our  path,  in  order  to 
iirrive  eillier  at  tnith  or  alisence  of  error ;  but  when  we 
find  ouroelves  confuKcd  or  distracted,  we  do  not  know 
which  vtay  to  turn. 

Kfany  errors  ut^  errors  of  data.  We  take  for  granted 
that  htatement*  we  have  beard  or  read  are  true,  without 
Brsl  obtaining  reosonuhle  evidence  that  they  aro 
Auother  source  of  error,  closely  allied  to  this,  it  failing 
proportion  the  strength  of  our  belief  lo  the  stren<:tb  of 
eridence,  by  permitting  hypotheses  to  iK-comw  fixed  con- 
viction^ and  acting  upon  them  as  if  they  were  provttd 
truths.  Ab  wc  haw  un  unerring  means  of  divining  at 
once  Uie  truth,  and  our  ideas  can  neither  be  proved  nor 
disproved  until  the  ueccsstuy  knowledge  is  poMe«»«d, 
art:  compclh-d  to  entt^rtuin  unproved  and  unprovable 
nions  on  many  subjeetii,  and  to  act  upon  them ;  but 
should  always  liolii  tbt-m  with  less  fixity  than  veriBi 
truthii,  lest  they  may  be  false. 

Many  of  our  mistake!;  arise  from  erriint  of  fvntr 
obeen-atiou;    the   eye,   for    example,   cannot    acc-urai 
dtitermine  degrees  of  absolute  or  even  of  relative  bri, 
ness,  nor  can  the  e-ar  d<-tcrmine  exactly  different  int4.>D«J' 
of  KOtmd.     Similarly  we  are  unxble  by  the  eye  or  b' 
iense  of  feeling  to  detect  slight  difTerenoea  of  form, 
nitude,  or  diatanee ;  colder  bodies  feci  heavier,  Ac. ; 
oU  these  Htatcmeut«  are  true,  whether  we  employ  aids 
our  Muses  or  not.     Our  observing  powers  also  vary 
ia  (ccunicy  with  otu-  physical  state,  hut  ore  always  im 
-'ffict.     Some  of  the  imprccnons  made  on  our  conscioi 
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la^l  luDgar  than  the  ph^^nomciia  thcmsolve)) ;  for  iDHlancr, 
m  rajnt)  taccvMiim  of  uparkx  Kp)>car  liku  u  continuous 
U±;l)t.  A  mirror  provea  the  deceptive  naUirv  of  virion 
when  uncorrectrd  by  touch  or  by  kntiwlcdf>[e.  In  every 
dn^tu  act  of  ot)i»er\'alion  al»o  there  may  ttxi*t  very  nume- 
rous caows  of  error ;  an<I  non-observation  of  thtaa  docs 
Dot  by  any  mnD«  prove  their  non-fxixU-ncc.  It  often 
Tvttutr«i  a  high  degree  of  srieutiiic  knowledge  and  truiu- 
iiif;  to  expel  the  errorH  of  {hm  mroset. 

When  prejudiced  persons,  or  tho*e  who  arc  undif- 
cipUoed  io  correct  observation,  observe  phenomena,  (hey 
arc  very  apt  t«  notice  and  remember  the  circumstancefi 
which  are  ^vourable  to  their  mental  tcndencie*,  and 
neglect  or  foi^t  the  tmEa\'our3b1c  ones ;  and  this  it  a 
oommon  twurce  of  a  whole  multitude  of  pupular  errors  and 
delu-'ions  wliich  hinder  the  proj^ess  of  scientific  truth. 
Wo  shoulil  therefore  always  reject  or  weigh  carefully  the 
nbaervationa  and  concUisJoni  of  an  incompetent,  bia««ed,. 
or  prejudiced  person.  T>ord  Biicon  taye, '  Men  mark  when 
they  hit,  and  never  mark  when  they  miit«.*  Ho  quotes 
abo  an  ancient  story  of  a  man  who  waa  shown  a  tem[fle 
containing  jmrtriiu  of  a  number  of  persons  who  had  paid 
their  vows  before  going  to  sea.  and  had  not  been  drowned  ; 
and  wh«n  uikod  to  acknowledge  the  powor  of  the  gods  to 
prcurfve  |ierw>aa  from  shipwreck,  replied,  '  Aye,  l>ut  where 
ate  they  painted  wlio  were  drowned  after  their  tows?' 

Personal  bias  or  antipathy,  or  a  fltat«  of  expectation,  is 
very  apt  to  in6uence  ua  without  our  perceiving  it ;  and  in 
order  to  exclude  thi*  in  cbemiesl  analysiTi,  we  make  what 
b  callfid  *a  blind  experiment,*  thai  is,  we  analyse  a 
ireighed  qtrantily  of  the  Hid^taiwc,  the  weight  of  which  is 
noknowii  to  xi*  until  after  the  analysts  is  complete;  we 
then  compare  the  total  weight  of  what  we  liav«  found  wilJi 
the  weight  of  what  we  bad  taken.     With  some  wientilia 
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phenomena  a  different  observer,  who  has  no  special  in-! 
terest  in  tiio  Ti>siiltii,  in  n]>poiiitod   to  mike  Uic  olwcrva-^ 
tioiif,  in  order  to  diminiinh  the  amount'  of  personal  error  ; 
tmd  in  other  cases  (as  in  that  of  chemical  aualynis  above- 
Dienttone<l)  tbo  pt-riH^iml  error  hux  to  hv  oliminatcd   bjf^ 
mran»   of   special   contrivances,   which   are   dilTerenl    ii^| 
almost  every  differont  caso.     Uncon^ioiu  prejudices  are 
thrr  inotit  dan)j;eroii>(  one.i.     Hut  in  M>ine  ituhject^  per^mal 
bills  cannot  be  excluded,  1>cc»um  tlic  queilions  treated  of 
iicl  powitrfnlly  upon  onr  feelings  and  emotion* ;  and  if  tlte 
subjects  are  alsu  of  an  unverifiable  kind,  a  chief  source  o^J 
their  pro^i-M  mnxt  lie  in  new  truth  from  vithout,  roRecte^H 
upon   th«m  by  the  progress  of  provable  knowledge.     Il^| 
this  way  science  is  continually  purifying  religion  and  othe^H 
bnncbei'  of  thought.  H 

Consciousness  al%,  when  uncorrected  by  int«)ligeno^| 
and  reaKon,  is  often  n  great  deceiver,  not  to  fre^tienllj^H 
boKWcr,  with  regard  to  the  simple  factof  feeling  (ihoag^H 
even  in  that  simple  miittor  it  is  not  iufUlible)  aa  wit^| 
respect  to  thu  true  itxplnnalion  of  it ;  it  U  uI«o  far  froi^| 
being  a  true  measure  of  magnitudes  and  distances,  and  i^M 
face  of  thv  infinity  of  nature  it  alnioi^t  entirely  fuil>i.  M«l^| 
through  many  centuries,  truing  to  the  unforrectod  0%*^! 
dence  of  simple  con-icioumess,  belie^'ed  that  every  sut^| 
stance  was  formed  of  four  elements  only,  viz,  curth,  ai^| 
lire,  and  water ;  and  subsequently  that  they  were  formo^l 
of  sulphur,  suit,  and  mercury.  Our  memory  alao,  <^M 
revived  consciousness  of  feelings  and  ideas,  when  not  oo^H 
reeled  by  the  Intvllcirt,  w  rvt-u  more  inojcact,  and  th^| 
givi^  riwe  to  a  whole  host  of  mistakes  of  testimony,  &c.    ^M 

I'eivorsion  of  consciousness  exists  not  only  lA  tl]^| 
insane,  but  in  a  greater  or  leKs  degree  in  all  persootfM 
thitrefore  a  knowledge  of  the  fallacy  of  our  sense*  w  one  (|^| 
the  most  important  consMiucnces  of  the  study  of  nalunH 
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Sjch  lcno«led^  teaches  lis  that  *  no  object  in  sepn  bv  us 
ta  lU  tnic  plaw  ;  lliut  tli*-  cDimirf  i>f  i^tiljctJinct-j'  art?  jmlcly 
lli«  pffcvtK  of  tbe  action  of  matter  upon  light ;  and  that 
light  itself,  as  irell  as  heat  awl  BOimd,  iirc  not  real  briDgx, 
but  mcrr  niwk«  of  actiwii,  onioiiiijnifwlwl  tt>  our  percep- 
lions  bv  tbe  nerves.*  > 

To  obtjiin  un  idcn  of  Hn-  extent  lo  which  sympelhy 
may  operate  in  leadiog  pemona  lo  draw  erroneous  con- 
elusioos  the  reader  needs  only  to  peruse  the  biHtory  of  thn 
p-ducin^  Maiiiii,*  tbii  C(iikvtilKJonn;iircj(  of  l^t.  MediiTd,  and 
raiioiiii  accounts  of  Kt.'ligioiis  Revivals,  Ac' 

Eloqiisncr,  lik«  beatit>,  if  not  regiilatwl  by  the  intel- 
Irtst,  IB  also  a  frequent  source  of  error,  and  a  snare  to  it« 
possessor,  bv  its  powerful  lutiuii  upon  lliv  fvelin^  It* 
power  of  propsigating  error  is  great,  and  too  otlen  em- 
ployed. Kloqucnt  untrutbit  arc  often  mildly  t<-rm«d 
'  Sgurw  of  Kpevch.' 

In  itMt  undvlgftUc  flmiDi  were  d[niTiiiid.>'I)(iroK». 

Porttiiiototr  hr  tbo  pumiit  of  rcsciirub  in  pbj'sics  and 
chemistry,  comparatively  few  of  the  emotions  or  strougur 
feeUngB  of  our  nature  conflict  with  it;  and  this  circum- 
fUnott  may  |wrhapti  partly  account  fur  thi-  much  moro 
npid  extension  of  knowledge  in  these  subjects  thaii  in 
lluMns  ill  nhitth  tin;  feelingtt  and  wiiotiim*  arc  more  im- 
plicate') :  a  gieater  reason  may,  however,  proli«lily  lie 
fuond  in  M*veral  other  caiuvs.  The  feelings  which  are 
|H^rba]jfl  tho  mo«t  likely  to  mislead  a  scientific  investi- 
gator art* — unrcgulatt-d  enthusiasm  ;  too  great  a  de»ire 
lor  tbe  wonderful ;  a  wLdi  to  obluin  valiuiblv  diBCOvcrior 


)  lb*.  Snmnrrillc,  Cbna«iimt  if  tlif  P/iyriml  A-ttntv;  iaH  wllltw 
*  fieo  QT«iv['s  K^idemic4  iff  (At  Miildle  .IfCi. 
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quicUy,  and  without  Uie  expenditure  of  commonEunte 
labour  and  skill ;  an  undue  dnirfi  for  fiitne ;  n  kankeriiij; 
utU-r  slio»7  r<>»itll)«,  &c  One  of  the  fimt  pereotis  who  re- 
tvived  au  electric  shock  from  a  Lt'jdcQ  jw  was  »  nuHlcd 
by  t-Dthti»iasin  that  hi;  uffiruied  lie  would  not  receive 
secoud  for  the  value  of  a  kingdom.  And  art  eminent 
pbysicittu  (Dr.  Pearson),  when  thv  mctul  polM)«iiim  vms 
first  isolated  by  Sir  Humphry  Itovy,  poising  a  piece  in  his 
hind,  wafl  minled  by  a  preconceived  notion  of  the  great 
Kpc-i^itio  gravity  of  all  uotul«,  and  ext^laiined, '  Bless  nt«, 
bow  Iteavy  it  is ! '  wht^reas  pot^sium  is  lighter  than  water. 

Krront  aris«  not  only  from  the  unregulated  activity 
of  otu-  powers,  but  also  from  inactivity.  Smim  scientific 
invcrtigatois,  howcrct,  arc  so  euthaiiia«tic  iu  tlw  pursuit 
i)f  truth  that  they  overwink  themselves ;  by  nejj^ecting 
also  to  attend  to  the  signs  of  fatigue  they  blunt  the  eeose 
of  perccLTiug  it,  until  ut  length  they  seriuti^ly  injure  t 
pdwen  befiin:  they  &re  uwai«  of  iU 

A  frequent  error  is  to  decide  abstruse  and  novel  q 
tiou«  by  ^uominun  seriae.'  'The  comnoon  #en»e  of  edo>. 
catcd  mankiad  at  one  time  denied  the  circulatiou  of  the 
bloud,  aud  prunotmced  the  earth  to  be  tliv  imraovable 
centre  of  tlie  universe.  At  the  present  day  it  upholda 
errors  aud  absurdities  imiumerablo,  and  common  sense  bati 
Utei)  well  chaxucierlsctL  as  the  namo  under  which  men 
dei^  their  own  ignorance.  jVre  scientific  men  never  to 
MLep  over  a  rigid  liue,  to  reftain  from  iuvi'stigatioo,  be- 
cause it  woidd  clash  with  oomiuon-senae  ideas  ?  How 
far  shotdd  vre  Itave  a(]\'anced  in  knowledge  if  scientific 
im^n  h.td  never  madt;  kimwn  now  discoveries,  nevt^r  pul 
lished  the  re^ulbi  of  their  researches,  for  fear  of  oiitr&gtU| 
the  ooinmon  strnse  of  eduuutcd  mankind?'  'Cw 
wildi-3l  dreams  of  the  spiritiialiitt  ask  credenoe  to  anj-lhin 
more  rvpuguant  to  common  sense  than  the   hypo 
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inugiaed  by  science,  and  aov  held  to  account  for  the 
ndiometer  ?  In  the  gUs«  bulb  which  has  been  exhausted 
to  *u«h  a  degree  that  *  cnmnion  fieniit!'  would  pronounce  it 
to  be  quite  empty  ne  must  conceivo  there  are  jnnu- 
mcnlili^  Mnwth  idiisttc  spheres,  the  inoleewle*  of  the  resi- 
dual gas,  dabbing  about  in  apparent  confusion,  with  sixty 
Uin««  thir  velocity  of  nn  vxpreiw  truiu,  and  hittinj;  each 
otb^f  million*  of  times  in  a  second.  Will  the  'common 
sense  of  maokiud '  coiuidei  this  u  rational  doctrine  ?  Again, 
both  iii«id<i  ibiii  ninpty  space  and  otitKide  it,  hctw<-<-n  iho 
reader  and  tJie  paper  before  him,  between  tbe  earth  and 
tbe  sun  occupying  all  the-  iutcrplanetnry  i'[itio.-  farther  than 
tbfi  ey6  can  reach,  or  indeed  the  mind  can  conceive,  there 
is  nseiuncd  to  be  a  mmething  indefinitely  more  elastic  and 
immea.tiuahly  more  «i^id  than  tempered  titettl,  a  medium 
in  which  suns  and  worlds  move  without  resistance.  Is 
not  eucb  a  doctrine  utterly  incrvdiblv  to  the  'common 
tienae  of  mankind  ? '  Yet  tbe  kinetic  theory  of  gases  and 
ti»e  andulatoiy  theory  of  light  are  accepted  as  true  by 
oinc-tcutlts  of  thu  MientiGc  mvn  of  the  prevent  day  ;  and, 
doubtless,  in  tbe  pmcesses  of  ftcientific  evolution  in  the 
coining  timc«  many  a  discovery  will  be  brought  to  light 
lo  give  a  sliafp  thock  to  'the  common  sense  of  educated 
mankind.' '  Common  sense  is  frequently  superficial,  and 
only  apparent  scu««,  and  twmctimrK  quit^t  oppoi*4d  to 
actual  &ct ;  and  there  is  no  necessary  connection  between 
it  nnd  truth. 

Une  of  the  most  fruitful  xourcos  of  error  and  strife, 

which  (although  it  does  not  often  occur  in  tbe  simple 

■Meouea)  it  U  aevv^f«uy  for  a.  jtricntific  investigator  to 

^uid,  is  tbe  assertion  of  unproved  hypotheses  as  if  they 

truths ;  and  if  such  hypothcseM  flatter  tho 


provt 


*  CrM>k««,  •  Aaoiker  l>fti«on  from  (he  Hwliomoler,'  XineU^nth  Gn- 
BfTjr  Antor,  p.  tiSD,  July  tSTT. 
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weakneiiHCi  of  numkitif],  and  are  of  a  kind  requiriDg  either, 
extoBsivo  knowledge  or  doup  thought,  in  oider  to  dt 
l.licir  fiilliti^y,  they  liave  a  most  t«naoioua  exittenoe,  anc 
are  ol'tcu  duugeraus  to  attack.     An  example  of  this  kind 
is  thti  notion  that  the  univerxc  was  entirely  created  fo 
the  uaa  and  pleasuie  of  man,  and  is  ruled  tlirooghout" 
in  iK'cordaut-i;  with  what  we  cyuaidcr  '  Ix-in-fiuwU  d<wign,' 
Cop<^rnicufl  exploded  the  ignorant  idea  that  the  earth  was 
tlie  centre  of  the  solar  system,  and  modem  ecicutific  kunw- 
lodgo  h  di»»i|)i>ting  the  «noruioiu<  i'onoeit  ibat  mau  i«  thv     ' 
primary  object  of  the  imiverse.  fl 

Scient'c,  wpocially  aittronomy,  cosmkal  physiw,  micro-^ 
Bcupy,  and  an  extt'usive  knowledge  of  the  varittty  of  ezint'., 
encea  in  nature,  and  their  general  relations  to  the  tmive 
clciirly  ithow  that  the  idea  of  mUD'K  greatnt-M  in  nature  it 
a  fal»e  one,  and  therefore  dangerous,  becatise  lliat  which  il' 
untrue  i»  o[)i><iHed  to  the  real  woiraro  of  mankiud.     Sudi 
an  idea  i^  aUo  insidious,  l>efau!!e  it  fi;itl.erit  the  vanity  <■( 
mankind:  and,  by  Mattering  their   weakness,  it  iuduL'« 
DieD  to  hellevK  it,  and  to  be  willing  to  pay  for  it«  diiwemi-^ 
nation ;  it  flourishes  best  where  ignorance  most  exists 
th«  great  trnlhs  of  creative  power.     Au  idea  of  aingiiitud« 
is  always  one  of  comparison  ;  a  thing  appears  little  onlj 
when  compared  with  that  which  in  greut,  and  it  app 
emallei'  in  proportion  as  that  to  whiidi  it  is  compared 
greater. 

'  Our  life  is  Init  a.  singlo  ilrc)p  in  the  ocean  of  etornity* 
The  reader  may  call  to  mind  the  duration  of  life  of  manrJ 
ireeij  which  i.i  more  tlian  fifty  times  as  long  ;  for  exampl 
the  dmgon  tree  (Dractrna)  and  monkey  brt-ad-fruit  ti 
{Atlans'jn'M},  who«c  individual  life  exceeds  a  period 
five  thousand  years ;  and,  on  the  other  hand,  the  she 
of  the  tndiviilual  life  of  many  of  the  tower  aniniaU, 
exampW,  the  infusoria,  where  the  individual,  as  such,  lit 
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at  &  few  day?,  or  oven  but  a  few  boiirfi  coatrii!^t«  no  less 
•Trouglv  wiUi  ]>uiiiiiii  Unigrvity.  Thin  <;(no[niri!Miu  bring* 
the  rcUtivo  Duture  of  all  measureni£iit  of  time  very  clearly 
before  u*.' ' 

Tbe  exUUmce  of  (iKaign  in  an  act  doe*  not  newwwrily 
prove  the  co-exietence'of  ii]t«Dtion  or  will ;  for  instance:,  a 
ej^vliil  builds  ilfu-lf  lo  u  piirlicular  shape  in  obrdienco  to 
the  forces  latent  in  lU  p:irt4clvK  and  in  ibv  »iirmitnding 
medium,  and  if  either  of  these  are  alt«Ted  the  design  of 
the  OTHtftl  in  Itiible  to  change ;  thus  cryxbds  of  pyrticiilar 
mbstmoes,  if  formed  at  a  low  tamper:iture,  have  one 
thkpe,  tad  if  at  n  high  temperature,  another.  An  acid, 
also,  ooder  one  set  of  oon<iiti<fii«,  will  M-lect  uiit-  purt  icutar 
baae,  aad,  under  other  conditions,  a  ditleri-ut  one,  and  in 
t«cb  cawo  it  teleclH  n  diitcriDinatx;  bub  a  ditfervut  weight. 

The  eupremacjr  of  law  in  nature  i»  proved  especially 
by  tbo  almot-t  inliiiite  number  of  creatCKd  living  tbing!i, 
vbich,  through  no  fault  of  tjieir  own,  do  not  fulfil  the 
porpoM:  for  nhtch  they  were  fitted.  '  To  work  in  vain, 
in  tlti:  sense  of  prudiic-ing  nivuus  of  lif«  whtcli  am  nuc 
med,  embryos  which  are  nev«r  vivified,  germs  which  aro 
twt  devt^Iopefl,  is  so  fiir  from  ht-iug  contrary  to  the  usual 
proceedings  of  natiure,  that  it  is  an  opemtion  which  is 
OMiktautly  going  on  in  every  part  of  nature.  Of  the 
vegtitaU.-  iteeds  which  an^  proibiccd,  what  nu  inlinitely 
small  pro|Mrtiou  ever  grow  into  plants !  Of  animal  ova, 
bcnr  escti^iiigly  few  bvcomo  ouiinals  in  proportion  to 
thuG  that  do  not,  and  that  are  wasted,  if  this  be  waste ! 
It  is  an  odd  calculation,  which  usr^  to  be  repeated  as 
a  wonderful  thing,  that,  a  single  female  &sU  coiitatnii  in 
itn  body  200  millions  of  ova,  and  thus  might,  of  itself 
atone,  n,-plenish  the  si-as,  if  :ill  thutu  were  fostered  luto 


'  nacckpl,  Ul/tary  ^  CVmCioN,  voL  il.  p.  33$. 
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life.  But  in  trutb  thU,  though  it  may  excite  wonder, ' 
caanot  excite  wonder  m  anything  iipoommooi.  It  i«  only 
one  example  of  what  occura  everywhere.  Every  tree, 
every  pluut,  produci-s  innuinvrublo  flowers,  the  Rowcnt 
innuincmble  Heeds,  which  drop  to  the  earth,  or  are  carried 
abroad  by  the  winds,  and  perish  without  having  tbeir 
powers  unfolded.  When  we  see  a  field  of  tJiisiU^  gbed  itB-, 
downy  seeds  upon  the  wind,  so  that  they  roll  away  like 
cloud,  what  a  vast  lio^t  of  posiuble  ttii»tJci>  are  there.  Yet 
very  proU'ibly  none  of  them  become  actual  thistles.  Fei 
are  able  to  take  bold  of  the  ground  at  all.  and  those  that 
do  die  for  laek  of  congenial  nutriment,  or  are  cru«:bed  byl 
'external  causes  before  they  arc  grown.  The  like  is  the 
case  with  cvi^iy  triW  of  plants  iind  animals.  The  poeaiUe 
fertility  of  some  kinds  of  insects  is  as  portentous  aa  any- 
thing of  this  kind  can  lie.  If  allowed  to  proceed  un- 
checked, if  the  possible  life  were  not  perpetunQy 
extiuguisfaed,  the  multiplying  energies  perpetually  pros- 
trated, tlK-y  would  gain  dominion  over  the  target 
animals,  and  occupy  the  earth.  And  the  same  ii  the 
case,  in  diffi-ri'nt  dcgrw-s,  in  the  larger  animals.  The 
fi^m.'ile  is  stocked  with  innumerable  ovuU-»,  capable  oC, 
becoming  living  things,  of  which  incomparably  tl 
greatest  nnmlxtr  end  as  tliey  Ktgan,  mi;rc  o\-ulee :  marka 
of  mere  possibility,  of  vitality  frustrated.  The  univ« 
is  eo  full  of  *uch  rudiments  of  things  that  they  iar  out- 
uumher  the  things  which  outgrow  their  rudimcnt«.'' 

The  explanation  of  events  by  aid  of  the  ideas 
'instinct'  and  *  Providence'  is  also  very  frequently  and 
greatly  abused.  '  It  cannot  bo  example  that  Wits  the  fox 
to  simulate  death  so  purfcetly  that  he  permita  bim^clf  U 
be  bandied,  to  be  conveyed  to  a  distant  spot,  and  there 


■  Whonell.  1%*  PUtralUf  if  Il'ivUf,  pp.  SSS:  SS3. 
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to  be  flung  on  a  diiitf;])!]).  The  uUimitU^  liope,  escape, 
Iir»mpt<^  tlH-  mvasuTti,  which  unaided  instinct  oould  not 
hare  (.-ontrived.* ' 

With  regard  to  si)  self-flaltering,  ignorant,  and  other 
hf|Kithew«,  «citiiU'u  [wiut^  out  to  us  oiii-  ^iimptu  cuuTyr— 
viz^  to  tK«t  as  an  bjpotheeis  that  vhich  is  an  bvpothesis, 
atul  to  ln-Iit^vv  and  tn-M  osstttlcd  truth  that  only  which  is 
sa|>porlcd  by  leaMnaUe  evidence.  It  is  illogical  to  infer 
tettlcd  Iwlifts  from  nn  odIj  conceivable  purpose — we  may 
mier  them  from  nothing  but  sufficient  evidence ;  and  when 
wv  ilr[>art  from  this  course  ve  are  apt  to  become  involved 
in  error  and  follacy,  ndopt>  immoral  doctrines  aud  induct'd 
to  commit  sinful  actions;  all  unc«rtain  beliefs  may  be 
fehtr  ont--*,  and  muv  load  to  wrong  conduct.  Somt-  of  the 
bypotbases,  &\m,  res]>ectiiig  the  human  mind— regarded 
by  ittany  permn;)  ns  settled  truths,  and  as  affirmed  by  'the 
iudeetruetiUe  instincts  iif  iht.-  hittnaii  rami,'  and  the  'testi- 
mony of  coDKtouane«s ' — will  probably  require  many  ages 
of  advaooemeDt  in  knowledge  iu  order  bo  completely  tent 
them.* 

Errors  also  arise  from  absence  or  deficiency  of  evidence 
Of  proofs,  espt>djitly  in  caisc*  whore  wc  arc  tempted  to 
draw  attractive  coneliL^one.  They  are  also  produced  in 
Bome  cased  by  want  of  will  or  ability  to  obtain  and  properly 
apply  the  evidence.  WhiL'it,  however,  partially  false  hypo- 
tlitmrt  and  theories  are  s  common  source  of  error,  they 
ate  at  tlte  same  time  ofU-u  neuctmry  etvps  in  the  advance 
towanls  truth.  *  Some  iu<]uirer»  try  erroneous  hypotheses, 
■ad  thuit,  exhausting  the  forms  of  error,  form  the  prelude 
to  discovery.' •  By  dbowiiig  what  a  thing  cannot  be  we 
■re  ofl«n  led  by  mediate  inference  to  conceive  what  it 

•  n.  W.  D»Ip,  .VutiuU  Itelatiotis  vfSelmtt  and  Jtellyitm*  WiiW,  p.  B, 

•  H'bowsU,  miMvjthy  ^the  InduHin  iW«ic«,  toL  i.  p.  43. 
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muti  btf.  FaUtt  tbtiorics  ofWo  poiutess  Uw  <atern«i 
ttppt^ar.iQct)  of  truth ;  that  of  pblogistoD,  for  example, 
appeared  to  be  true  for  a  long  time,  because  it  l<K>k« 
co»»i«ti-nt  ill  »n  itit  piirt*  until  it  was  teet<'<l  by  meana 
the  balance,  anrl  found  erroneoiiB.  Front's  bypotlMtij 
uIho,  tliut  th0  atomic  weights  of  oil  the  (tlcnM-ntiiry  suii 
stancea  were  tiimple  ninUiplea  of  that  of  hyclrogeu,  vfiui 
fiiUooni;;  but  it  could  not  Lw  disproved  until  kiKtwlodg 
hiul  further  ndx'jinceil  by  th«  making  of  more 
experimental  determinatioiis ;  it  was  an  error  of  infvruii 
It  w;ua  ulMoiiTiilt;  nn  (tncieiit  error  to  ln-lieve  that  matter  i 
Other  part*  of  the  univer^  was  governed  by  difletpot  Utv 
to  maltur  upon  this  earth.  Newton'e  rlisooverif*  Urge)} 
disproved  tliin,  and  Rpeotruni  analysis  has  confirmed  hii 
inference.  Many  of  oiu"  present  beliefs  will  also  no  doubt 
bo  proved  la  he  erroneoiiK  in  a  Himilar  manner  by 
progress  of  voriflable  knowledge. 

A  very  coniTiioii  error  of  unw^ifntilic  mindi)  is 
readily  to  refer  phenomena  to  occult  causes.  Instead 
first  rxhautttiug  the  powt-rs  of  tho  in toUfct— which  ar 
Bpeeially  adapted  and  i^iveu  to  them  to  <li^cover  abntr 
rauM's  and  unravel  complex  plienomena,  any  circumstanc 
which  they,  with  their  finite  powi-rx,  cannot  at  OOC 
exphun,  they  refer  to  a  mysterious  agency.  Acting  uf 
tht.*  ]>Uin, '  Tlivy  who  bav«i  doiinid  to  find  tcopo  for 
display  of  their  ingenuity  in  aswigning  cauHes,  huva 
recourse  to  a  Dew  stylt  of  argument  to  help  them  in  tl 
conclusions,  namely,  by  reduction,  not  to  the  iinposeil 
or  abfiurd,  but  to  igooraace  or  the  unknown,  a  procedu 
which  shows  very  phiinly  that  theru  wa«  no  other 
open  to  them.' ' 

The  error  involved  in  this  kind  of  rcasoniug  lies 

'  t>f  LaoMk 
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D-siimini;,  nitbnat  proof,  an  iomM>cItate,  direct,  and  Rpecinl 
iictinii  n{  lilt-  (x-cult  powvr  in  a  jmrtiailar  natural  pbeD(^-| 
mrniMi,  instead  nf  first  referring  the  effect  to  t)i<!  immediiila ' 
and  direct  action  of  natttrul  lawa,  wliicti  will  fully  account 
for  it,  «nd  iheii  inductively  tracing  theorigiiiof  tliojc  laws 
up  to  lie  Great  First  Cause.  It  is  contrary  tn  IniMiful 
idea$  to  assume  A  remote  cautc,  actfug  tbrotigh  a  chain  of 
evcnti,  to  be  an  immediate  one,  or  to  ignore  real  direct 
eaiLies  wbcn  explnining  a  fciontific  phenomenon  in  a 
material  nubftance.  We  may  just iliably  aMume  that  Ibe 
irom-^iate  cause  of  the  pn«t  principles  of  nature  in  an 
Infinite  I'owr,  but  not  that  llie  remote,  or  cvi-n  the  im- 
mediate effects  of  thoM  principles  are  immediate  and 
direct  results  of  Divine  volition,  Wcaiue  the  latter  vouMi 
involve  an  immt^iiatr  creatiim  of  ptijf:i<.-iil  foroe,  ivfaich 
Fucb  phenomena  have  never  in  modern  times  l>een  proved 
toezbibit;  and  to  charge  the  Piviiu-  mind  im]ilicilly  with 
ibe  contnulietJon  of  sinmltaneotisly  and  in  thu  t&uie  uct 
cmttiig  and  not  creating  power,  would  be  a  great  mistake. 
Il  is  worthy  of  notiiie  that  it  is  usunlly  wmc  phenoinenon 
which  appears  complei,  vague,  or  obscure  to  t Im  particular 
parson,  which  is  referred  by  him  to  the  immediate  and'] 
direct  opcn^tion  of  an  occult  cauw;  and  this  circum- 
ftanc-  ought  at  once  to  suggest  to  onr  minds  the 
pnibability  that  our  Inability  to  explain  it  arises  ft-om 
onr  igniiraiiee.  A  man,  also,  who  profi^ses  to  powcu 
oreult  power  witboul  giving  a  enfficicnt  proof  of  it,  impc 
npon  the  crvdulity  of  his  fellow-men. 

It  i«  a  provision  in  nature  that  all  essentially  differiiit 
actions  exbilnt  csiriitially  ditfercnt  characterLiticx,  by 
I  inenn«  of  which  they  may  be  distinguiiihcd;  and  in 
^yadtmtific  phenomena,  or  the  actions  of  material  sub«tance^ 
^ftjWt  a  single  cl<«r  exception  to  1bi«  hat  been  provixl  to 
^■•Vooor  since  men  have  been  able  to  make  trustworthy 
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BCientific  iuvcitligatirtus.  If  this  v.*-re  not  the  case, 
could  neither  interpret  nor  uudergtund  the  mode 
action  of  tiie  Great  .Finit  Cnuite  in  suob  matUtre. 
uccu]t  phenomenon,  therefore,  must  po<)f)esa  cbaract^^n^lic 
signs,  by  mvans  of  whii-b  wo  mav  distinguuih  it  from 
those  which  arc  not  occult ;  alito,  if  it  l«  due  to  some  new, 
unknown,  or  niyaterioua  power,  then  it  most  pOMe»  that 
power,  in  addition  to  its  ordinary  natunU  forces ;  or  else 
we  miut  iWMiime  that  a  priscixely  equivuk'nt  amount  of 
outural  force  u  destroyed  at  the  moment  that  tlj>*  oocolt 
power  is  vxcrted,  and  Ihix  would  contradict  the  great, 
and,  M  far  as  we  know,  universal  law  of  con»erTUtioi)  of  ^ 
energy. 

A  person  who  afSrms  that  a  certain  material  plii 
mcnon  is  due  to  an  occult  cause  (of  any  kind  wliat«' 
might  euiuly,  in  a  xuitable  chko,  make  an  experimt>n 
investigation  to  test  it.      And  if   the  pfaeiioinvnon 
really  due  to  that   cnuKc,  his  might  thereby  as  read: 
prove  it  lui  a  scienti6c   man  proves  that  otbor  materpa' 
phenomena  ure  due  to  natural  causes.   If  the  phenonu^uoi 
waa  really  due  to  the  supposed  cau.'^e,  it  would  be  prored 
showiiin  that  tlje  natural  force  was  liWrati^l.  and 
free,  which  would  olberwi!*!'  have  Ixwn  expt-tidc*),  absorliBdd 
and  disappear  whilst  producing  the  observed  effectk     In  a 
properly  selected   case^   tbo  result  would   be  as  clear 
scientific  results  usually  are,  provided  MuiTicicut  care 
trouble  were  taken  such  as  are  taken  tn  ordinaiy  scientii 
researches.     It  is  also  at  least  ta  much  the  duty  of  perMi 
wbo  affirm  that  certain  phenomena  art-  due  to  new 
occult  causes,  to  prove,  hy  proper  experimental  iuveel 
gations,  tliat  they  are  so,  as  it  is  of  scientilic  meo 
make  their  researches ;  and  the  question  may  be  asl 
why  is  it  not  done  ? 

It  id  irrational  to  assume  and  promulgstfi  as  a  fix< 
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helirf  the  exirtenw  nod  action  of  an  occult  catj^«  in  a 
particular  case  without  pos£«s9ing  adequate  evidence  of 
iU  cxi^ttvnce   and    operation,   Pspocially   wluiu    evidence 
^eariug  upon  the  question   l»  easdl}*  obtainable.      Botll<| 
Mnence  and  religion  tench  u«  that  our  cousciousncss  is ' 
rootinua]|j  acted  upou  tlirough   the  mwiium  of  mutter 
and  its  forces,  by  an  inBnite,  unceasing,  omnipresent,  and 
iwistlc8«  First  Caxiw; ;  and  »  general  kiiowli^dgc  of  i^cicuco 
tn^forta   the  hypothetiia   that  ocoiilt  powers    may  exist 
which   wc    have    not   yet   discovered,   but  both    it   and 
tm^rility  are  opjKised  to  the  ati^umption  and  ptoiuulgatioa 
of  fixed  beliefs  of  the  exiitence  of  such  forces  in  par- 
ticular caicti,  until  Hufficicnt  evidence  of  tuch  exiiteuco  ■ 
has  been  obtained. 

Many  persons  seem  to  forget  that  *  the  laws  of  nature 
nr*  the  thoiigbtjt  of  God,' '  and  that  a  deuial  of  the  opera- 
tion  of  the  great  priuciplea  of  nature  in  mental  phenomena 
is  a  dooial  of  tl>c  regularity  and  coDsisteucy  of  natural 
Iawn,  and  of  ihs  authority  of  the  Creator.  The  human 
vill,  for  example,  is  as  truly  a  natural  mental  act  as  that 
of  perreptioD,  compurimo,  judgment,  or  inference,  and 
nsj  be  defined  as  a  cor«ciou«  mental  tffoii  to  effect  an, 
eliJKtt  the  idea  of  which  ia  aireatly  in  th«  mind,  Ao- 
eonling  to  Carpenter,  it  ia  *  a  determinate  effort  to  carry 
oat  a  purpose  previously  conceived.''  And  before  w 
affirm  it  to  be  'a  ir.peraatural  power,'  we  ought  to  prove 
liT  efficient  seientific  evidence  that  it  *  is  indepeudent  of 
natural  law.' 

The  etiind,  like  other  forms  of  eneigj-,  is  a  power 
ready  to  be  excited  into  action,  and  to  be  directed  in  it» 
eauRC  by  the  slightest  oausen,  and  jirobahly  no  more 
tUais  into  aclion  without  an  antecedent  cundition  which 
cxcil«e  or  releasee  it  than  any  one  of  the  phywical  powers. 


>  OwM«d. 
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Ad  act  of  tbc  mind  fiiui*  into  Iwing,  pro))a1)ly,  not  o^M 
itsvlf,  bi-cnu.te  that  wnitld  be  sjelf-orofltioii,  and  a  contrail 
dictioa  of  the'  great  law  of  oau<atioii,  but  in  a  eitnilar 
way  to  tbiit  of  olln-r  (.tonil-iip  formx  of  eocrgj,  viz., 
by  the  action  upon  it  of  some  releasing  or  t^jctritiDj 
condition. 

Tlio  r«»*nn  why  wfi  cannot,  in  many  ctim^,  prroein 
that  which  initiatoB  a  volitional  action  in  ».*,  i«  tf»^  nann 
as  that  wby  Xcwton  could  not  dt-scribc  how  he  attain< 
his  iiiosl  difRiMilt  results,  i.e.,  becautie  we  ounnot.  intently 
tliiiik,  and  at  the  same  tioic  think  of  that  act  of  thought. 
As  a  strong  volition  occupies  (he  entire  mind,  to  are 
noalilc  to  survey  that  act  of  mind.     Out  of  thi*  arives' 
II  Kclf-deceptiun  tinri  an  error,  viz,  that  the  power  whio' 
initiates  a  volition  is  essentially  different  from  that  whid 
excitea  other   mental   actions.     The  mind  in  a  stato  o 
quiescence  is  a  static  power,  and  may  become  active  on 
every  exciting  occasion.     As  a  breath  of  wind,  or  evei 
a  snund  from  a  fiddle,  will  caiixc  iodide  of  nitrogen  t 
explode  and  liberate  its  stored-up  chemical  jxiwt'r;  an 
even  a  beam  of  light  will  produce  a  similar  effect  upon 
mixture  of  chlorine  and  hydrogen;  so  is  it  rrai<onaUe  to 
conclude  that  a  very  minute  circumstance,  entindy   im- 
perceptible to  oiu-  consciousness,  will  excite  the  will,  and 
that  the  mind,  being  wholly  and  strongly  occupied  la 
act  of  volition,  is  cnlirely  unublc  to  perceive  or  re: 
ber  the  miuuti?  circumstance  which  excited  it.     To  aasui 
therefore,  that  the  mind  is  a  power,  which  by  its  own  ael 
determining  action  causeH  volition,  is  not  the  real  tnith 
but  a  fallacy  caused  by  appearance*.     The  *  will,*  being 
conscious  fffori  of  the  mind  in  effecting  objecl*  we  desire, 
ia  subject  lo  all  the  laws  which  govern  the  mind  it«elf ; 
and  to  acquire  a  knowledge  of  iJu  txtfnt  to  which  tJte 
game  or  similar  principles  which  govern  inanimate  natu: 
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ftrrtm  also  menial  phenomena  is  a  Hubjvct  wbiob  would 
unply  rvpaj  extcasivo  rci^cikrch. 

Volition  U  developed  by  education  and  hahit ;  an  act 
which  nt  first  requires  coiucloutt  i-lfort  or  'will'  in  order 
to   perform    it,   joint-linx*   t)ecomee,   by   repetition   and 
custom,  so  powerful  that  we  cannot  restrain  it ;  the  babit  { 
of  smoking  it  one  nf  inniiy  possihlf  examplefl.     It  is  tbe! 
power  of  reaaon,  rather  than  that  of  '  will,' '  whiob  gives ' 
to  mao  his  supreme  dignity.'     Tlie  entTiii»ia«tic   use  of 
the  will,  uoreiitrained  by  reasoa  (or  '  I  will  have  my  owni 
way  \  IB  a  most  dangerous  power,  and  has  led  millions  < 
human  Winirs  to  moral  ruin  and  an  nntimtdy  ^vo. 

\Va  are  often  perfectly  ignorant  of  the  particular  cir- 
cumstances which  really  di-tvrmine  our  ebtiico  and  volt- 
tioo ;  first}  becaiue  ra<Kit  cerebral  actions  are  unoonscioua 
tiQDS :  second,  we  often  cannot  survey  our  mc^titat  actions ; 
and  thjnl,  brcauw  of  tbo  exi  rcme  feeblem-.**  df  miuutenesR, 
in  many  cased,  of  the  circumstances  whicli  cause  u^  to 
decide.  The  cerebrum  is  lurgely  dt-vnid  of  feeling,  and 
may  be  wounded  without  producing  sensation ;  multitudes 
of  actions  occur  within  it  of  which  we  are  uncnn^icious.  hut 
which,  notwithHtandiiigf,  more  or  less  aS'ect  our  courw;  of 
tbougbc,  and  intluent.->s  our  choice.  We  are  unconscious 
of  Ibe  continually  occurring  actiua  most  essential  to 
thoQgfat,  viz.  that  uf  cerebral  nutrition ;  and  also  of  that , 
operation  of  the  brain  and  nerves  hy  mmns  of  which 
OMvouii  diwharges  are  transmitted.  Cunscioiis  idea*  often 
arise,  we  know  not  bow,  frequently  from  a  change  in  the 
oomposiliou  or  quality  of  the  l>l(iod,»ri»ing  froiu  the  moKt 
varied  causes,  the  amount  of  free  oxy^n  dissolved  in  it, 
Ac. :  and  sometimes  from  additional  blood  flowing  to  the 
bniti.  IIMienltboAengreatlydiminUhesvoIitional  power. 
Til*  course  of  our  thought  is  unconsciously  diverted,  and 
our  n>Ution»  thereby  influenced,  loany  tiaies  during  a  day. 

II. 
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And  as  tli«  oporatioD  of  theee  inSnenc^s  often  cannot 
directly  perceiveJ,  wc  arc  ubligivl  to  infer  tboir  exist 
aa  vre  do  that  of  miig:iieti«<m  aod  many  otiicr  invisible 
thini-M,  by  means  of  indirect  reasoning ;  the  oertainty  of 
our  knowledge  of  them  i«  not,  however,  noceisHUnly  leas  on 
that  at'votinl'.  In  the  conflict  of  judgment  and  filing, 
al«o,  or  of  two  diflferent  feelings  or  judgments,  oeciurrin^ 
80  £re<iuontIy,  it  is  very  rarely  indeed  that  the  efft-cta  of 
the  two  intliienoea  upon  the  choice  are  exactly  equal,  an^| 
the  least  difference  turns  the  senle.  ^ 

We  must  not  forget  that  real  choice  is  not  an  act  of 
the  will,  Init  of  compariiion  and  reason,  even  though  the 
reasons  for  c-hooxing  may  be  defective;  also  that  the  feel- 
ings have  no  real  power  to  choose,  because  they  cannot 
compare;  their  iiction  is  purt-Iy  automatic,  We  are  fre- 
quently obliged,  in  the  affairs  of  daily  life,  lo  make  a 
choice ;  and,  having  done  so,  the  judgment  decides,  and 
the  will  proceeds  to  eiwute. 

The  question, ' la  the  will  free ?'  ia  an  unneoe*tari|^J 
one,  because  freedom  is  an  essential  attribute  of  wilL  A^| 
will  is  free,  a^  all  blackness  is  black.  A  will  wbidi  is  Dot 
free  to  will,  like  a  fire  which  is  not  free  to  burn,  is  a  k1( 
con tradi lotion,  and  cannot  therefore  exiiit.  An  actic 
which  ceases  to  act,  like  a  fire  which  ceases  to  bum,  is 
longer  ao  action.  '  Is  a  man  free  ? '  is  the  proper  que 
tion  ;  and  to  this  it  may  be  said,  every  man  i.'>  more  fne 
to  do  right,  and  less  to  do  wrong.  He  has  the  gTeat««t 
freedom  to  use  all  his  powers  in  subordination  to  reiuoa, 
and  least  in  contradiction  to  it;  he  is  most  oonstraioed  to 
adopt  tlie  course  in  accordance  with  that  faculty,  and 
free  to  pursue  it ;  and  so  far  only  as  we  employ,  in 
formity  to  reason,  ail  our  other  jwwers,  do  we  use 
best  means  of  self-guidance,  and  possess  the  greatest  free- 
dom of  action.    Ue  who  actd  in  conformity  with  proporl; 
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Mfloprti  rKaAon,  act*  ramt  in  acoordancc^  witli  Un^  laws 
God  in  nature.  As  oature  is  practically  iii&mt«,  w  t» 
then  on  itlmott  infinito  rpbLire  for  frwdum  of  actioD  to 
oaan  who  exerU  all  hU  powern  in  accordance  witb 
1  ;*  and  as  Uie  limiU  of  reasonable  humaQ  action  are 
infiuitd,  80  ur«-  tho»<!  of  Kelf-dcveluprnt-Dt  and  im> 
pro\-«aQest.  No  reasonable  being  oould  deiure  more  liberty 
than  this. 

But  iK>tvrith»tandiu);  all  Ui«  qimlifying  circiitrntanccs 
rbiab  diminish  ihe  apparent  greatDesti  of  tbe  immedi.'Xtd 
tm«  eSecttt  of  the  will,  and  incruusc  tbat  of  the  mental 
or  ovTVoiu  fori!«  and  Ihft  importance  of  the  intellect,  voli- 
tion OT  couiiciom  mental  effort  is  a  necessarj-  link  in  the 
chain  of  uvcnta,  and  i.-a)M.'ntiidlv  and  ui»tt!rially  influences 
nor  tbougbta  and  acta.  Education  oi  tbe  will,  therefore, 
te  an  important  condition  of  tuccess  in  Uiu  discovery  of 
Mieotitio  tnith ;  it  uddii  to  the  efficiency  of  the  powen  we 
inherit ;  whatever  special  act  we  are  enabled  to  perform 
by  means  of  instinct  or  intuitive  power,  it  luually  in- 
CKAMid  by  discipline  and  education. 

If  the  will  were  *  independent  of  natttral  law,'  '  not 
bomid  by  the  chains  of  law,' '  it  couM  not  be  coQtrollcd  by 
natorul  law;  itn  action  would  ho  incapable  of  humua 
guidance.  Such  a  power  would  pursue  its  own  course, 
whatever  the  education,  discipline,  babiti<,  ocrupation,  or 
eircumstanceii  of  the  ludividuHl  mi^ht  be ;  and  we  ci>uld 
Dot  in  a  single  intilance  form  the  remotest  conception  or 
determine  with  the  least  degreu  of  probiibiUfy  the  way  is 
which  it  would  act.  But  thia  h  not  tbe  ease  with  regardi 
to  the  'will;'  for  althoagh  in  consequence  of  the  con- 
aUerable  obscurity  and  complexity  of  the  phenomena,  wfl 
eumot  aecuiut^-ly  predict  the  effect  of  every  circumst 
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«pon  it,  we  can,  in   proportinn  to  our  knowledge  of  the 
particular  ease,  and  our  ability  to  reason,  usually  predict 
th«  chipf  resiiU  correctly.     Society  indeed  eould  not  exist, 
nor  human  intercourse  be  possible,  unless  men  could,  to  a 
VLT)'  large  extent,  auccfSKfully  predict  the  volitions  and^ 
moral  actions  of  men  under  certain  known  condiUoni ;  foi^| 
instance,  if  I  only  send  to  a  friend  a  note  of  invitation  to    "' 
dinner,  I  conclude  that  if  he  receives  it  and  it  aWe  lo  seud^ 
nie  a  reply,  he  will  do  so,  and  in  at  least  nine  cases  out  o^| 
ten  Kucli  a  prediction  is  correct.     All  our  social  and  legal 
institutiontt  reco^ise  on  the  one  hand  the  inBuence  of 
natural  laws  and  circumstances  upon  the  human  will,  and 
on  the  other  the  power  of  wlf-guidance  by  mean«  of  the 
intellect ;  we  all  of  us  treat  each  other  as  free  agents,  and^ 
as  beings  subject  to  taws  of  mind.     If  the   abseoco  o^| 
power  of  prediction  is  a  test  of  freedom  of  will,  then  mad-^^ 
men  have  most '  froo-vrilV  because  tlioir  actions  arc  tha^ 
most  difficult  to  predict.  ^M 

If  the  will  is  '  independent  of  natural  law,'  its  actions" 
are  not  limited  by  such  law.     But,  instead  of  this,  the  will  j 
is  limited  in  every  respect.     We  are  often  {urm^filfd  tofl 
choose,  and  to  act  upon  our  choice.     The  will  has  not  an" 
uiireistricted  power  to  produce  i-ilher  sensntious  or  idca», 
nor  can  it  entirely  pre\-ent  our  feeling  or  observing  them ; 
either  thr^  volimtury  or  the  itutomatic  action  will  premil, 
according  to  that  which  is    the  stronger.     Many  senss- 
tions  and  ideax  foree  themeelvee  ujma  onr  notice; 
persons   can   by  an   act  of  volition  (except  in  states 
intense  excitement,  cFr  of  insanity)  entirely  prevent   tl; 
feeling  of  Iwdily  pain  or  ptetuure,  the  emotion  of  gris 
or  joy;  nor  wholly  prevent  themselves  observing  light  oK 
dfirkneKV,  thunder  or  lightning,  or  any  of  the  more  power 
fid  sensations  or  ideas  excited  by  the  common  events 
nature  or  of  human  existence.    The  will  of  a  man  is  : 
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riy  poncrlcM  to  prvvi-nt  vroug  sets  of  that  man, 
arising  from  tlie  want  of  knowledge,  judgment,  or  reason- 
ing power. 

We  miut  not  forgot  that  the  lawv  of  natun^  are  divine 
laws,  arising  &oin  tlie  graat  iiourco  of  all  truth,  iuid  deter- 
ined  by  the  Groat  Cauee  of  all  things ;  imd  as  the  human 
reason,  so  for  as  it  hai*  l>r«u  prupt-rly  pdiiciited,  operate* 
rictiy  in  accordaace  witJi  them,  any  power  which  '  is 
pendent  of  iialurul  law'  it  uKWi)vud<^'ulor  thvgiiid.iuix 
of  reason,  It  this  be  true,  one  of  the  moi^t  efTecluai  ways 
of  c»u«ing  men  to  ditiohey  the  laws  of  their  Maker,  and 
tbiii  niin  their  owu  nnuls  is  Ui  conviut^e  tliem,  on  tlK-  one 
handi  that  their  will  and  volitioDs  are  '  Indc^ondcat  of 
natural  law,'  and  on  tlio  other,  that  tliu  will,  Wing  '« 
aupeniatural  power,'  they  are  free  to  employ  it  in  diaohe- 
([i4:nc«:  U>  natural  laws,  and  therefore  also  in  opposition  to 
reason.  In  accordanoe  with  tliis,  an  ignorant  man  can 
hardly  be  a  higtdy  moral  one,  nor  can  an  immoral  man 
be  a  thoroughly  iulolligcnt  one;  a  knftwli>dg<!  also  of 
the  great  pnnciple-i  of  nature  is  at   least  as  neceasaiy  a 

idition  of  moral  conduct,  as  morality  is  of  thorough 
intelligence. 

Ignorance  of  the  great  principles  of  science  results  not 
only  in  (lie  oiAUinption  of  ocoult  rauM!S  iti  cam.-*  where 
tOrdinaty  ones  are  suRicient  (or  ought  to  be  assumed)  in 
^Arder  to  explain  thephouomeiia.biit  al«<iin  causing  poi'sons 
to  infer  a  multitude  of  erroneous  conclu^jons  in  the  com- 
mon aflPairs  of  life.  An  instance  is  rohitf;d  by  II.  Spencer 
uf  ■  a  lady  who  contended  tliat  a  dress  folded  tip  tightly 
weighed  more  than  when  loosely  folded  up ;  and  who, 
under  thini  belief,  had  In^r  tniiikn  iaa<Ie  lar;ge,  that  !<Le 
might  diminish  the  charge  for  freight!'  and  another, 
'  that  by  stepping  lightly,  she  ean  press  leas  upon  the 
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ground,'  wtd  who  '  asserts  that,  if  placed  in  scales,  ah«  caa 
make  herself  Ught«r  by  an  act  of  will  1 ' 

Odc  of  tlie  ino^t  frtKiuent  sources  of  error  is  too  exteo- 
sive  generalisation,  and  rt-ljio^  too  much  uiion  iruntffick-Dt 
evidence.  Mmi  of  science  may,  and  do  with  safety,  teia- 
porarily  eotertain  all  kinds  of  scientific  questions  and  ideas 
which  aro  ]ios«iliUt  to  l>e  concfiived,  whether  they  have 
been  proved  by  evidence  or  not ;  but  usually  only  as  un- 
certain LypotJi^es.  No  careful  investigator  employ*  an 
hypothesis  which  he  knows  is  a  doubtful  one.  nor  adopts 
an  unproved  hypothesis  as  a  fixed  liclief,  but  uses  it  only 
for  ttie  temporary  purpose  of  testing  whether  it  in  triM 
or  false.  Every  such  investigator  also  soon  rejects  ques- 
tions which  manifestly  contradict  th(*  ftindnmcntal  laws 
of  the  sciences.  As  also  the  conceivable  is  not  necM- 
sarily  tru<",  nor  the  inconoeivablo  nececitarily  fiilse,  we  may 
JiiKtitinlit)  assume  even  the  most  apparently  ridiculous 
idea,  provided  we  hold  tt  oiJy  as  a  temporary  and  unfixed 
hypothi-Kii". 

Violation  of  logical  rules  and  methods  is  a  very  com- 
mon source  of  error.  In  all  unsettled  questions,  Um 
chances  of  drawing  wrong  conclusions  are  numerous,  and 
of  forming  correct  ones  very  few.  In  some  case.i  tl»e  data 
we  infpr  from  are  faUe,  and  in  others  insufficient.  Some- 
times tlie  conclusions  we  draw  exceed  the  extent  of  the 
premises ;  trf.  wo  widvavour  to  prove  too  much.  We  are 
extremely  apt  to  reason  from  our  own  exprrioiice  alo: 
instead  of  from  that  of  all  mankind  ;  and  even  the  latter 
is  often  very  iticomplete.  In  some  cases  our  statements 
are  logically  true,  but  materially  falmn,  and  in  others 
loalcrinlly  false  but  formally  true.  In  other  came,  by 
neglecting  to  arrange  and  combine  the  evidence  in  all 
the  ways  it  logically  admits  of,  we  fait  to  extract  from 
our  re«ulta  and  general  conclusions  as  much  knowledge  ■> 
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t    wt  might  ;  or,  by  comtiining  it  in  an  illo^ntl  manner,  w«  i 
I     infer  what  is  wrong.     The  \)C-A  remedy  for  tbv-'<M  dvfucUis 
I     A  tmining  in  logic  and  mathematics  applied  to  science 
I  Partially  ditciplinvd  «ork«n<   in   Kcicnce   ofl«n  dnw 

I     ooodusions  which  are  not  proved  by  the  eWdence ;  and 
I     cfm  esperienccd  inv<.-«tigutors  when  curried  avay  by  en- 
titmiasai  io  their  occupation,  occasioniilly  make  the  ^ine 
miaUkkc,  nnd  ftiacy  they  have  made  a  new  digcoveiy  when 
they  have  really  committed  an  error.     In  thiii  way  hegin> 
aen  in  Micnct^  and  otJicra  have  frequently  mititnken  both 
tke  peroxide  and  mineral  oulpliide  of  iron   for  mt-tallic 
gold,  mi^uviic  oxide  of  iron  in  tea  for  iron-&Ung«,  a  pre- 
cipitate of  the  tntxed  oxidiv  of  iron  and  ahimiuiuin  for  tlitt , 
oxide  of  a  new  metal,  Sx,     Befoi-e  knowledge  of  science  i 
•li»  had  sufficiently  advanced,  even  cxpcrieuc(.-d  chemist«i 
mistook  the  cartlii^  silica  and  alumina  lor  the  same  8»b> 
■(utc«i  lumilurly  with  baryta  and  atrontia,  sulphur  and  Bele- 
nium,  sodium  nnd  potu.iiiiuui,  .lUo  oa-nium  and  polasitium, 
&e.   Aod  tinder  the  influence  of  scientitic  enthusiasm  mavy 
mppoMd  di»covi>rics  of  new  elementary  Hubstauccs  have  at 
different  periods  been  made.     Itfore  than  forty  such  in- 
■taocns  have  oceurred  since  the  year  1770,  and  the  follow- 
ing is  a  liiit  of  them: — TobemBergmann,in  1777,  extracted 
frarn  diamonds  what  he  conHtdered  to  he  a  new  earth,  and 
ckUed  it  *terra  nobtlift.'     Meyer,  in  1780,  di^vovert^d  'hy- 
droeiderum'  by  diswlving  cast-iron  in  acids;  and  Klaprotb 
afterwardH  proved  it  to  be  a  phosphide  of  iron.     Monnet, 
in  1*84, discovered  what  he  called  'satumuin.'     Klaproth 
bUo,  to   1788,  discovered  'diamond-spatherde'  in  corun-' 
dam.     Wedgwood,  in  I790,di»eovered  'australia'  in  xand 
obtained  from  the  continent  of  that  name  ;  but  Hatebett^ 
piDTed  it  tti  Iw  merely  a  mixture  of  silica,  aluminm  ozida ' 
of  iron,  and  plumbago.     In  1790  Pemandes  supposed  that 
be  had  discovered  a  new  earth.     Ilahucmann  disoovered 


vedfl 

d 

d 

7 

ic  J 

'4 


GLIKKJU.  TUnr  IHD   BASIS  OF  SClBNTinC  RRSKABCB. 

what  be  callod  '  piieiim  alknli,'  which  proved  to  W  borax. 
Prouiit,  in   lft03,  discovered  what  he  called  '  itilene.'     In  J 
1805  itichtor  discovered  '  □iccolanium  ;'  it  was,  however,fl 
a  mixtun^  of  iron,  cobalt,  nickel,  and  arsenic,     'Wiuterl,  of 
Pestfa,  fancied  be  hud  discovered  u  new  curth,  and  calle 
it '  ftndronia ; '  it  proved  to  be  an  earthy  mixture  derive 
frnfti  his  crucibles :  he  also  imagined  he  had  discovered  a ' 
new  c'lomcntr,  cailod  'tJieiike.'     Berz^^lius,  even,  imagiaet] 
that  nitrogen  was  a  compound  of  oxygen  with  a  supposed 
element  called  *  nitricuiii.'     '  Murium '  whs  an  elementary 
bodj,  formerly  supposed  to  be   present  in  hydrochloric, 
acid.     In  the  year  1811,  Thomson  discovered  *jmioD)um,1 
but  WolliutOD   proved   it   1o   hv   iitrulical  with  cerium.' 
'TUi)rium'  wa«  similarly  found  to  be  only  a  phosphate  of 
yttrium.     £a   181S,  Von  Vest  discovered  'vostiiim,'  but 
FaTHday  proved  it  to  l)e  a  mixture  of  the  Bulphides  aiid 
arsenides  of  iron  and  nickel.     In  the  eame  year,  Lampa- 
dius  discovered  '  wodaniitm,'  hut  Stromeytir  showed  it  to 
conKiMt  of  arsenic,  nickel,  &c.      TrommsdorfT,  in  ISSO, 
discovered  '  crodouium,'  in  the  incru»tj»tioii  of  a  carlwy  of  j 
sulphuric  acid ;  but  afterwards  found  it  to  be  only  a  mix^i^l 
ture  of  magnesia,  lime,  iron,  and  copper.     In  1S21,  Bnt-^ 
guuU-lli  disenveix-d  a  supposed  new  elemenl  call«l  '  apyre.' 
In  1828,  Oaann  supposed  he  had  discovered  three  new 
elements  in  plaUnuin  on'f  ftvm  the  ITriil  Mountains.     In 
1836,  Richardi'on  discovered  *donium,'  but  Hnddle  proved     i 
it  to  bt>  identical  with  glucinium.     'Trei^ium' was  di»^| 
— ivered  by   Boiise,  iu  the  year    1836.     A   supposed  ele- 
t,  called  *  terbium,'  was  also  discovered  by  Mosaud«f  _ 
in  tJie  year  1*43.     During  the  year  1846,  Rodediacovc 
what  be  eall«d  '  pelopium,'  but  afterwards  found  his  mia 
takob   '  llmenium,'  another  sup|)osi'd  m-w  metal,  wa«  found 
by  Hermann,  in  the  same  year.     In  1850,  (Illgren  disc 
'aridium.'     In  1851,  Bcrgmana  discovered  'dot 
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In  I8S2,  Owen  discovered  '  thalium  ■/  »»d  in  1 853, 
diMOverod  it  tnoUl  of  tbv  pluUuiim  group,  but  gave 
it  DO  nants.  '  Diuium '  is  anotlier  iitippaf«d  new  metal,  «x- 
uicted  Troin  tanulito  by  Von  Kobcll,in  thu  y<^iu-  1S()0.  la 

1861,  Dupr^  (UscovvtimI  u  supposed  new  iilkaline  earth.    In 

1862,  Bahr  considored  tl»at  he  had  discovered  'wawuin;' 
■nd  ('hatidl*^r,  a  uamelesfi  m(4al,  of  the  platinum  group. 
Six  diSoreni  inv«iitigftU>t«  tdra,  viz.  Svanberg,  in  1845; 
Sjggr»t,  in  1^54;  Nflander,  in  1864;  Church,  in  lS66t( 
and  Sorb;  and  hoevr,  in  1869,  coi)><idered  the;  bad  foiwd 
a  new  rarth  or  metal,  in  mineral*  contaiiiinf;  xtrcooia, 
and  called  it '  noriiim,'  *  nigrium,'  and  '  jai^nium.' '  In 
addition  to  these,  Soast^t  hax  de»cri)>ed,  in  *  \\'oldon  s 
R^wt«r,'  June  1863,  p.  458,  a  suppoicd  new  dciucul, 
vrbicb  be  proviuomdly  callvd  'x;'  and  an  additional  new 
clemcnl  lias  been  siid  to  exist  in  vanadic  reeiduett. 

Another  way  in   which   error   may  arise   in  ori^nal 
reiearcb,  is  from  impi^rftn-t  aaalyiis  of  the  general  trutha 
oUaia«d  from  a  partial  or  imperfect  view  of  thu  ri»ult«, . 
and  this  i«  liable  to  cituse  lu  to  adopt  a  wrong  or  defec- 
tive theory. 

But  notwith^lunding  the  imperfections  of  our  reoiton- 
ti^  powers,  and  die  large  nuiobcr  of  rrror^i  we  are  liable 
b>  (all  into  tn  the  use  of  our  intellectual  facultiee,  manyj 
of  tiie  ideas  w^  obtain  by  muans  of  inference  nn  far  more 
to  be  tnistod  than  those  we  obtain  by  mere  ttensuous  im- 
preMtoiu,  i>ecsuiw  they  oongist  of  those  Eamo  impn»sioDH 
corrected  by  means  of  cumparisuu,  judgmunt,  r«a.4oning, 
aad  more  «st«iuive  experience. 

In  acientifie  reccardi  it  it  very  useful  to  know  tko 
CMnmoo  Bigns  of  error.  Real  contradiction  or  incon- 
nstcney  i>  th*^  most  iufulliUo  atgn.     Of  tvo  coDtrodivtory 
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statpinents  or  beliefs,  one  at  least  must  be  untnu?,  anti 
tbc  otlicr  may  be :  and  we  mity  judge  from  thi#  axiomatic, 
&ct,  and  the  number  of  contradictory  RtatemenU  that ; 
extensively  Iwlieved  and  taught,  the  amount  of  error  andl 
uncertainty  which  ocoupjes  men'H  mindu,  and  opposes  Xin 
entrance  of  verifiable  truth.     Kven  in  some  portions 
the  jihvMciil  aci«Micfs  wo  still  remain  '  blind  li-adetK  of  th( 
blind.'     Whilst  also  there  exists  in  all  directions  an  abun-' 
dance  of  well-verified  knowled^,  and  a  sufficient  number 
of  verifiable  (luestions  to  occupy  the  thoti^hta  and  inves- 
tigating powers  of  all  mankind  for  au  immense  number    ' 
of  agi-n  to  oomt;,  many  pentouti  neglect  to  improve  tbei^f 
intellects,  and  prefer  contradictory  beliefs  to  r«aUy  tnw" 
ones.     But  our  minds  must  be  active,  and  if  we  do  not, 
occupy  them  with  verified  truths,  we  must  do  so  witi 
uncertain  beliehs. 

Not  only  are  contradiction  and   inacouracv  sigiiH 
error,  but  even   great   exactitude  in  scientific  results 
sometimes  suspicions,  and  may  indicate  what  are-  Ipnncd' 
'  couked  resiiUi,'  because  there  are  alwayji  minute  errors 
(different  in  magnitude  in  different  cases),  which  w« 
i|uit<-  uniible,  even  Viy  the  exi>rcise  of  the  greatest  core, 
avoid.     Too  great  uniformity  is  also  suspicious,  beoan 
it  iiulicat«s  that  extreme  instances  or  exceptional 
have,  somehow  or  other,  been  missed ;  pmltably  in  coi 
quence  of  insufficient  variety  or  number  of  experiment 
An  error  may  l»  proved  to  be  such,  directly,  by  proving  I 
opposite ;  or  indirectly  by  proving  that  it  cannot  be  trueJ 

I'DBiwiKScted  circiunstitnceB  are  very  trcai^urous  wur 
of  error,  and  are  often  due  to  a  peculiarity  of  tJte  app8 
ratus,  or  a  uniform  mothod  of  working.     As  they  are 
vury  coiumon  occurrence-,  wo  should  never,  without  sofB^ 
cient  reason,  assume  their  absonoe ;  or  that  the  different 
circumstances  of  an  experiment  are  independent  of 
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other.  It  is  thi^rofore  a  good  rule  to  nsxume  their  [>rc- 
tattx  until  all  thtrir  potwiMe  MDurcea  have  be^n  exhausted, 
and  in  take  soch  st*ps  as  will  quickly  disclose  them.  The 
DKwt  speettj  way  of  reudmug  them  evident  is  hy  mcaiiH  of 
nriety  at  ex[>erii»eut«.  Constant  eriura  are  often  occult 
ones,  and  are  frequently  due  to  a  similar  caiue ;  two  ph©- 
nonipnai  miiv  vary  tugetbcr,  and  yi>t  l>e  only  coincident, 
one  being  the  occult  error.  Tbey  will,  however,  probably 
rnry  according  to  different  rates,  or  one  will  dieap- 
p«ar  withoiK  the  other,  if  the  conditions  of  the  experi- 
ment are  sufficiently  varied.  Minute  traces  of  iron,  tait, 
mlphur,  ammotiia,  organic  matter,  air,  wat«r,  and  otlior 
bodies  have,  un  very  many  occasions,  been  the  imauspected 
cftueefl  of  errors  in  experiments  in  magnetism,  chomistry, 
vpvcintm  analysiii,  &a\ 

In  every  research,  in  order  to  reduce  the  sources  of 
enor  to  the  minimum,  we  simplify  the  exporimvnts  bm 
tut  and  ai  complet«ly  as  we  can;  but  even  aft4a'  we 
hart*  done  this,  many  sources  of  error  remain  which  we 
are  quite  tinaltlii  to  «xciud<;,  without  pruvwiting  the  phe- 
Mtaenon  which  we  wish  to  examine.  Those  which  remain 
are  not,  however,  always  termt-d  errors,  btit  interference*, 
coiucidt-Does,  or  concomitant  circumsLancea.  In  every 
caae,  as  long  as  any  large  errors  remain,  we  must  try  to 
dbeover  I  hem. 

Small  errors  are  more  frequent  and  probable  than 
lsr|^  ooes,  and  osuully  more  difficult  to  detect.  Pre- 
ipttntly,  whitre  the  phenomenon  we  wish  to  observe  is  a 
VKrr  minute  one,  the  coincident  phenomena  or  inseparable 
foorce*  uf  error  are  very  much  larger  than  tbe  true  effect. 
If  there  is  a  source  of  error,  we  always  avoid  it  if  we  can, 
or  we  neutralise  or  balance  it ;  or  if  we  can  do  neither,  we 
make  it  as  small  as  we  c«n,  and  the  tnie  effect.  iu>  large  as 
poMbl<r.     We  also  endeavour  to  keep  it  of  uniform  mag- 
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nitude  whilst  \-arying:  the  naKnitude  of  the  true  pheno- 
mciioii,  or  moke  it  varr  at  a  diffcrt-ut  raU* ;  nod  io  casee 
where  it  is  small  and  cannot  be  renderod  ooDstant  tB 
amount,  wi>  lucorttiin  its  mean  valtio,  and  make  au  allov- 
ance  for  iL  We  mtut  not,  however,  'eook  Ihe  iU-count«,' 
nor  mmi  we  include  sitigle  large  errora  when  taking  the 
aiMin,  becatiHe  they  may  be  due  to  some  unpi-reeivpd  and 
epeoial  ciicutrstaDo  ■■  V\'e  mu»t  also  not  exclude  divergent 
results,  bccauio  a  divergent  rv8ult  may  rmlly  be  an  im- 
portant one  by  bfing  an  instiince  of  a  new  claw  of  facts, 
or  of  a  new  cauec  or  lnw.  and  reijuiro  a  new  research. 
ErroTrt  of  exoeM  of  efftwt  are  e«  ofl«a  likely  w  thoM  of 
deficienoy. 

Even  after  the  mort  perfect  invetitigation,  a  ntimber  of 
errorH  must  remain,  because  we  perceive  only  a  minute 
fraction  of  thi.;  pbennmena  which  are  involvt-d  in  and 
relat^xl  to  the  sub^tflnce  or  action  which  we  have  ex- 
amined. In  Kome  subjects  alBo,  ior  instance,  the  comj 
and  concrete  sctenoes,  mauy  crrtu^  inii.'t  c^sixt, 
they  are  vogue ;  many  also  must  exist,  because  they 
not  be  diHproved.  Such  errors  are  best  allowed  to  perish 
by  neglect.  The  most  impregnable  and  lii.<ting  er 
and  which  do  not  perish  by  neglect  (because  they  are  ■ 
tiiitially  revived  by  fre^h  generationfi  of  believerii], 
tho§e  which  flatk'r  the  weakness  of  mankind,  which 
continiiatly  being  imprenAed  upun  iiH,and  whiih  sav 
contradicUid,  because  they  cannot  be  individually  di^ 
pnived,  a«  well  a«  because  of  the  jK-moual  rink  of  qiiextia 
ing  the  truthfulness  of  any  favourite  popular  Mief.  S* 
erron  are  known  to  be  ttucli,  only  by  means  of  the  fun 

atal  logical  principle,  that  if  two  stjiU-ineiits  cjtiilradtC 
other,  one  must  be  crrunooue,  and  both  may  he  »oi 
the  difficulty  really  conasts  in  proviug  in  which  statt 
th'' """'  lie*. 
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For  additional  illustnition  of  the  prrors  of  scientific 
nrfcarcb  and  expnriment,  I  must  refftr  the  rwader  to  Jevon«'« 
*IMnciples  of  Science,'  Vol.  I.  Chap  XV,,  and  to  the 
Tsrioiie  work«  on  lo|;ic.  I  do  not  profeH!>,  iu  tliii;  limited 
InatiMt,  i»  sp«ak  of  the  special  errorti  peculiar  to  par- 
ticular sciences. 


CHAPTER  X. 


(IB    TUB  CEBTAISTY   OF   8CTBSTIFIC    K^IOWLP.DflS. 

Ail  truth  mu«t  be  equally  certain  in  it«(>lf,  because 
certainty  ui  one  of  its  obaraoteristics ;  that  which  it  not 
intrinsically  curtain  is  not  true.  But  all  trntlia  do  not 
iiiqMsr  Mjually  certain  to  us,  because  we  cannot  perceive 
tbem  with  oqtml  clcamcm  and  forcr.  To  an  infinite  loindt 
«n  thing!*  are  equally  simple,  but  the  human  miud  \» 
extremely  finite,  and  to  us  the  8y»tem  of  nature  is  one  of 
infinite  cnmpltxity.  The  certainty  of  truth  k  a  great 
moral  quality ;  and  however  true,  great,  beautiful,  or  ad> 
vantageoiiH  to  us,  a  statement  may  be,  if  we  cannot  prove 
its  tnith  with  certain^,  our  confidence  in  it  is  blind  and 
wry  defective. 

Onr  certainty  of  the  truth  of  a  scientific  statement 
depends  largely  upon  the  nature  of  the  case;  negative 
aad  universal  conclusions  are  often  cxceedinjfly  luioertain, 
and  it  is  frequently  inipo#t(ible  to  prove  them,  because  no 
man  can  exliaust  the  universe  of  truth.  They  are  only  to 
bo  tnuled  when  we  know  that  if  the  fact  existed  it  would 
have  been  certain  to  be  noticed.  According  to  Jevons,* 
*U)e  rcetilts  of  geometrical  reasoning  are  absolutely  oer^ 

■  PriiteipUt  c/ Sfitnee,  L  248. 
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tain.'  In  t)i«  aimple^t  scieD<M.-»  certainty  cxisU  in  ita 
bigbcst  degree,  but  in  complex  and  Oobiitviibie  ciuce  one 
oertaintj  of  the  trutb  of  a  statenaent  ia  va^e,  and  oftvn 
lurjjely  miif-d  up  with  our  feclinge:  that  which  one  man 
ft«l«  and  believet)  to  be  oertaJn,  anotlier  ftwls  very  <louhcful 
aboat.  The  ri-^on  of  ignoranoe  and  uncertainty  i»  also 
the  r^on  of  fititli  and  *trtfe. 

Nothing  calms  the  mind  in  a  case  of  tttrifv,  so  loucb, 
as,  firet,  to  be  convinced  tbut  tbvow  orv  determinate  caoaoi 
for  every  event,  and  necond,  to  knaw  and  appreciate  what 
are  the  causes,  and  the  modes  of  their  action.  It  is  this 
deep-root«d  conviction  of  the  universality  of  causation,  and 
a  bett«r  understanding  of  the  modes  of  ojM-ration  of  natural 
power,  which  impiirUi  to  iwioiitific  men  in  genera!  their 
well-known  cliaract«risties  of  calmness  and  patience.  A 
fffUng  of  certainty,  however,  and  certainty  itself  aro  veiy 
different ;  the  foriui-r  may  ariw;  either  from  an  erroneo: 
belief,  or  from  one  which  has  been  well-founded  ujwn 
and  siifEcient  evidence;  and  it  i»  therefore  necajoary 
distin(;iii»h  Iwtweeu  a  mere  feeling  of  w-rtaiuty,  and 
tainty  itself;  and  between  heliofs  which  are  only  s] 
parently  true,  and  tbo«e  which  are  really  so.  Acct>rding 
to  Locke— know ii'dge  acquired  by  means  of  ncusution 
less  certain  than  that  obtained  by  demonstration.' 

Scientifii:  knowledge  impresses  ujion  us  every  degree 
actual  certainty  accordiu^;  to  the  strength  and  amo' 
of  evidence  in  support  of  the  particular  statoment. 
chief  basis  and  sign  of  real  certainty  is  consirtcncy  wit! 
nature.  Science  inity  conflict  with  dogma,  but  not  wi 
truth  in  any  subject  whatevej:.  Among»t  the  most  aotu^Iy 
certain  of  scientific  beliefs  are  the  immediate  re^tdls  of  the 
limpleet  formi  of  logical  proof,  the  axioms  of  Euclid,  tiw 

'  Hitman  Undtrttandi'ig,  book  iv.  <tb.  xi. 
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principles  of  conserration  of  matter  and  of  force,  the  oor- 
lel&tioD  of  tile  physical  forces,  the  law  of  gravitj',  &c. 

The  degrw  of  cvrUtintf  we  aw  justified  in  feeling  id  a 
•cienti6c  trtith  df^i^enda  entit^lv  ttpoii  tlw  vviilciici'  in 
tnpport  of  it,  and  upon  ihe  degree  to  which  we  uodereiand 
it.  Tlic  ozk-iit  to  which  we  are  aht«  to  comprr-hcud  a 
tnitfa  of  »ci<^nee  depends  upon  the  degree  of  simplicily  of 
the  truth  itself,  and  upon  our  kuowledge  of  the  particular 
nbject.  DifTvrcnt  twivntitie  Hubjects  are  not  to  a  liuite 
miixl  Wjually  easy  to  understand ;  and  those  which  are 
but  little  developed,  onlj  future  ^uenitioun  will  be  able 
fully  to  comprehend.  There  are  some,  however,  in  which, 
more  so  than  in  others,  he  who  seeks  the  truth  may  find 
it  Thin  is  esix-ciiiUy  the  caiM?  with  the  simpler  expeii- 
mental  ones,  such  as  physics  and  chemistry,  and  is  pro- 
bably the  rewoD  why  such  immense  material  advantages, 
uul  others  £u  more  important  to  mankind,  have  already 
resulted  from  their  invcstigutiuD,  Other  scieucee,  such  as 
the  biological  and  ooDorete  ones,  ant,  tu  couKeqtieuoe  of 
rheix  greater  complexity,  more  difBcult  to  understand,  and 
requiie  thow  who  iuvetUgnte  them  to  receive  pruvioiisly 
a  more  varied  mental  training :  they  are  also  to  a  large 
ettent  dependent  for  their  udvancvmeut  upon  the  previous 
dacvlopmeol  of  physics  and  chemistry.  Those  subjects 
wlUcb  are  the  most  simple  iu  themselves,  which  have 
Wn  the  mort  perfectly  developed,  and  which  we  have 
nasi  studied,  we  aie  usually  the  best  able  to  understand. 
Othen  again,  in  conje^pience  of  the  scienoeA  prelimiuary 
to  tliem  not  being  sufficiently  advanced,  do  not  at  pre- 
sent afford  the  data  iiecenxary  to  enable  us  to  arrive  at  a 
Ugb  degree  of  certainty ;  for  instance,  the  art  of  curing 
(lliratr  is  very  imperfect,  partly  owiug  to  this  cau£« ; 
others,  such  a-t  tlte  'historical,  meutal,  and  Un^uittio'j 
•cicncea,'  and   racious  of  the    'concrete   sciences,'   from 
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th«ir  complexity  being  so  great,  and  othor  causes, 
prevent  tu  ullftiiiing  tlie  hight^t  degree  of  certsinty 
reeolt*.  Others,  again,  are  so  int«rwoven  with  errors,  pre- 
judices, hiiinan  desires  and  fcvliiigs;,  unprovable  bfliefe, 
auperstitioiis,  doguatiu  a^iwrtioiiK,  and  Mirious  other  ob- 
•Utcletf,  that  they  are,  in  the  preeent  atate  of  knowledge, 
almost  hopetotis  n:*  frtiltftd  souroi^s  of  certainty ;  and  how- 
ever iiiici'rtain  the  simple  physical  acienceii  ait  aasumed 
to  be^  such  subjects  iltb  far  rnoro  uncertain.  History 
nii^ltts  airny,  but  verifiable  experimeDtal  Inith  in  con- 
tinually renewed.  As  facts  differ  from  hypotheses,  so  do 
oientific   rwvjiriihes   diff^-r   from   many   of  tlit?  at 

inea  of  sectarian  minds.  Research  in  some  subjeci 
tnly  leads  to  vague  results  and  uncortiiiu  opinions,  whi 
in  otherB  conclusions  of  the  most  definite  character  may 
Iw  arrived  at,  provided  the  invo»tigations  are  thoroughly 
carried  out.  A  high  degree  of  certainty  cannot  bo  attained 
by  mcAns  of  research  in  any  subject  the  fundaim-utal 
statements  of  which  Iia\e  never  been  proved  and  cannot, 
be  verified, 

The  chief  reasons  why  the  belivfi  we  acquire  from  o 
fiervaUons  and  inferences  in  physic*  and  chemistry  are 
con»ditred  by  some  persons  to  he  so  highly  certain  in 
comparison  with  sozae  other  kind.i  of  belicis,  are  beta 
thoi-c  Kciences  are  amongst  the  simplest  ones,  iht;  truths 
thorn  may  usually  be  verified  by  any  person  at  any  tJm< 
and  in  any  place,  and  particularly  hecatise  they 
be  checked  ami  conjinried  by  rxperiment  and  ob«ervati' 
in  an  aJmost  injinifs  ?mm6e'r  of  ways,  and  be  thus  foum 
to  support  each  other  so  us  to  form  a  consistent  and  sys' 
malic  whole.  Other  branches  of  knowledge  also  ])i 
eome  of  the  same  qualities,  but  in  ditTfreut  degree*.' 
Nothing  is  a»  truly  nobte  a*  pure  truth ;  and  the  ■-sscntial 
noliility  of  the  mathematical,  experimeiitul,  and  obsetvo- 
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HoDol  sfie&ws,  deponds  upon  the  fact,  that  in  them,  pr*- 
enin'--0tlt-,  ho  vrliu  »«L'k»  ihv  most  ccrlaiQ  truth  may  find 
it  if  be  wiU  onlv  lake  suificient  trouble.  As  demt>ii«r  rahla 
truth  partakes  of  th«  pure  onttira  of  God,  it  demands  tii« 
higin-il  dogiee  of  »uj)port  and  respect  that  taan  can  give 
it,  whilst  doubtful  or  unprovable  BtatementA  or  hypothews 
flbonld  not  Ix.'  cxiiltod  to  the  dignity  of  demon  stra  bio  truths, 

TliD  phenomena  of  conscioiuineas  are  often  adduced  as 
bein^^  tJte  most  certain  of  truths,  and  doubtless  we  are 
eonipclk-d  to  bflicvc,  thtit  whvu  wt-  rwogniwan  impression 
we  do  experience  tutmething ;  but  what  that  something  ii>, 
OOP  oonscioufnew  alone  does  not  unerringly  tcU  us.  If  we 
ctn  (H-rwivt-  no  cause  for  the  impression,  when  the  eawtic 
ought  to  be  manifest,  we  doubt  the  reality  of  the  impres- 
Boo,  and  eomotimes  ascribe  it  to  a  concvption  of  our  ima- 
gination.' The  simple  consciousness  of  an  idea  or  impres- 
tiot)  ia  not  alone  a  complete  proof  of  its  truth,  because  as 
Miratific  knowledge  advances  we  increasingly  find  that  the 
ideas  noquirt'd  by  *neb  means  arc  often  erroni'Ou.<.  ('on- 
leiuusness,  therefore,  does  not  excite  in  our  minds  truthful 
beliefs  alone,  but  a  mixture  of  truth  and  error,  from  which 
w  hAvi^  to  eliminate  the  error  by  various  prooessc-s.  Ap- 
pmanoea  and  realities  are  often  opposite,  or  even  contrary. 
Tbenr  exists  in  nume  renpectn  the greAt««t  contrast  hetweea 
Uir  human  mind  and  estemal  nature.  Our  minds  are 
estreraely  finite ;  nature  is  nearly  infinite.  In  nature  all 
u  law,  and  certainty,  but  our  idfim  are  all  more  or  less 
UDrr^rtain  and  erroneous. 

I'be  truthfidness  of  our  ideas,  and  the  real  certainty 
of  our  knowlttdge,  depend  upon  the  accuracy  with  which 
Ibe  mind  itself  receives  impre»(ions,  and  this  furlhiT  <)(^ 
ftaif  upon  menial  state,  which  is  itself  a  result  of  in- 
hentaiu^e   and  experience,  and  varies  with   our  physical 

'  Such  pbeunneiiii  tr^qu^ntlj  oocur  In  drconu. 
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healtl).  Th«f  tnilhfiilors'  of  «ir  idi^t  al>o  rtepeodw  npoD 
tbe  accniaoj  and  completenesa  with  which  we  reason  upon 
our  impmvioDS,  and  draw  coiK-Iiuioas  from  them.  The 
U'*i  inl^lltgent  or  truthful  our  mind^  the  greatra-  is  the 
proportion  of  impressions  we  receive  in  a  false  or  disto: 
toaunvr,  and  of  faluc  iufi-rcnoe*  we  draw  from  them.  A 
far  as  we  know,  the  experience  of  all  maokiod.  through  a 
Rffes,  confirms  the  conclusion,  that  all  tbe  ojxiratione 
nature  are  abitulut^ly  certain.  Uncertainty,  therefore,  extti 
not  in  the  phenomena  of  nature,  but  in  our  mental  reci 
tion  and  expiwitiun  of  tliem.  As  naturt^  itself  i^  true,  aQ< 
we  are  very  liable  to  transform  truth  into  error  in  the  act 
of  nttNMviufr  and  interpreting  it,  our  thoughts  are  not  a  tee* 
of  the  truthfulness  of  nature,  but  nature  is  the  te>il  of  the 
truth  of  our  thoughts,  and  our  minds  must  be  brought  to 
Kfjn^e  with  it.' 

Another  reason  why  onr  scientific  knowledge  ia  not  in 
fallible  is  because  our  inductions  are  never  complete. 
ntt^'iT  nmke  an  exhaustive  enumeration  of  all  the  IntitAn' 
because  it  ia  either  beyond  our  power,  or  the  labour  ii 
great.     Vr'e  also  never  know  that  undiscovered  ins' 
do  not  remain,  or  that  wt»  have  not  omitted  some  exce! 
tional  cases.     Induction,  therefore,  never  absoiutely  prove*' 
a  (leneral  law,  nor  can  we  ever  be  absolutely  certain  that 
the  next  discovered  intitanee  will  not  !»>  an  except  ioiml  oni 

The  stronfjest  proof  of  the  truLli  of  a  general  law 
usually  considered  to  be  the  suoceSHful  prediction  of  at 
results ;  hut  even  in  thin  case  we  are  not  absolutely 
tain,   Irt'cause   our  deductions   alco   art!   never  eoraplet' 
Until  we  have  predicted,  and  successfully  verified  evi 
possible  cai"*,  and  that  is  beyond  our  powers,  we  are  »■ 
ccrtiiin  -Kf.  have  not  missed  some  exci'ptioDal  one,  and 
our  prediction  may  not  be  wrong.     The  extreme  iu< 

'  k'OT  limiting  cxteplionii  u»  [i.  SS. 
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leiecf-wi  iif  iiur  <'X(>erienee,  tlie  very  limited  ami  variable 
power  of  our  BtrDifii,  and  the  itQperfcct  action  of  till  o)ir  io- 
ttrUectuiiI  powors,  w<uikea  the  coitin;  fubriu  of  our  scientific 
beliefe. 

But  slthottgh  the  impressions  we  receive  tbrougb  our 
lensL-s  are  otU-a  felUoiotw,  and  from  Uiis  caiiM  and  from 
MIT  defective  intellectual  powere,  the  oouclusions  we  draw 
from  tltciu  nrc  moni  or  Ici-s  erroneous,  vie  do  still  poii^css  in 
Bcienoe  a  mesnii  of  arriving  at  the  moiit  certiiin  truth.  We 
ire  aHe  by  means  of  our  faculties  of  oompariaon  and  reafi<m, 
lo  compiirv  tlio^;  imprcsnons  or  inferences  with  each  othur> 
detect  eontntdictions  and  inconsistencies,  eliminate  error, 
and  (itradually  impart  an  ever-increasing  degree  of  truth- 
ftilncfti  and  certainty,  even  to  our  most  fundumcntal  scien- 
tific axioms  and  beliefii.  It  is  hy  a  laborious  process  of 
this  kind,  that  much  of  our  scientific  knowledge  has  had 
inipart<-<)  to  it  its  present  high  degree  of  certainty  ;  and  ah 
the  process  in  itself  appears  to  be  a  perfect  one,  we  may 
maoiuibly  hope,  by  »  continuation  of  it  ihrciu<>;h  an  itn* 
nensity  of  time,  to  arrive  at  an  estreme  degree  of  cer- 
liintT  and  comp)c?tene«s  in  scientific  matters.  By  the 
nm«  prtx«n  as  we  have  aln  i  i^  n lived  at  whatan- tvrmfd 
'axioms '  in  sdenoe,  shall  "t  In  >lili-  to  arrive  at  an  ever- 
increasing  number  of  truths  upon  which  we  may  rely 
nuonably  with  an  equal  degree  of  security.  As  an  immenne 
number  of  natural  truths,  probablv  im-ludiug  some  of  the 
greatest,  remaEn  Ktill  unknown,  that  which  we  suppose  to 
be  truth  reqtures  to  be  tested  afresh  by  every  accession  of 
new  knowb'^gc,  and  in  thii<  way  our  liclivfs  arc  continually 
boOf;  purified ;  but  Id  question*  where  no  efiTectual  tc»t 
can  be  applied,  the  mo^  certain  truth  cannot  be  obtained. 

NotwithstADding,  also,  all  the  errors  to  which  our 
•ensi3«  and  in1elit«tiial  powers  are  liable,  reason  liajt  in  thi» 
way,  during  all  human  existence,  proved  itself  a  true  rock 
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of  ngi.'* ;  and  il  is  u^iiiiHy  tbose  vho  least  po^seae  it  wh< 
lOft'it  doubt  its  powi?r.  And  howevor  sore  wo  may  fc«l 
.of  (lie  fnctH  of  conKciotiiinei^  and  nf  aoy  unprot'able 
und  is  provable  hypothesis  in  scient-o  inft'ircd  from  tl 
w(!  nra  moriilly  Wiind  to  fet-l  »tiH  inorw  otrtain  of  Uifl 
verified  truths  of  the  intellect,  because  they  ate 
soh-es  tho  fiicts  of  conxciousnc!;?,  oorrcotod  by  the  iiit«l-J 
Irctiml  poweri).  However  uncertain  alw  tlie  eonoltistoQI 
of  the  intellect  may  be  assumed  to  be,  those  of  iincorre 
fiwling  and  cfiiiscioiu^w-ss  are  much  moro  bo.  '  Great 
liability  to  <-rror  on  aooonnt  of  gmater  complexity  does  DO 
QocessHTily  render  reason  loss  truGtffortliy.  True,  it  is  not 
tto  enity  to  add  up  a  long  colmtm  of  figures  hj(  it  is  to  add 
fire  to  five,  but  Rurely  the  result  admits  of  as  much  co^ 
rectnuts  in  tho  former  ingtance  as  in  the  Intti-r.'' 


CHAPTER  XI. 


TBCSTWOKTHIXGSS  ASV  ACCDSACT   IX  SCIENCE. 

That  which  is  not  to  be  depended  tipim  i«  nut  science; 
ait«iiiiipti()nM  niKl  tiypothKcs  are  also  not  strict  science,  bM 
only  a  means  towards  discovering  ft.  Tnuttwortbinees 
lh<!  first  i>liji?(^t,  and  accuracy  the  perfection  and  final 
of  science.  TriuitworthinesM  and  accuracy  may  be  regards 
a;  not  synonymous  terms,  the  former  representing  a  logit 
idea  only,  or  on©  of  niatto-r  of  fact ;  the  latter  a  i]tiantiJ 
tative  one.  Adopting  this  difference  of  inL-aning  of  tor 
wo  may  my  that  it  is  moro  important  to  be  tnixlwortjtj 
than  accurate,  because  the  former  affects  the  foot  it 

■  Ruv.  vr.  G.  DsTiMca  '  Tlie  Lttw  of  Cnlnlnl;,'  nftMt^fieaJ  Jow 
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Uttfir  only  it«  degree  or  relativft  <)Hant.itj-.  ExfKiri- 
meats  may  be  crude  in  s  quantitative  sense,  and  yet  be 
tnistworttiy  as  qualitative  tosts ;  itnd  a  cbciiust  may 
deserve  trust,  but  yet  not  be  accurate ;  for  in^»nc«,  he 
nmy  obtain  a  ptu-c  and  complete  precipitate  of  a  Hubalance 
in  uniUyAiA,  and  wa.ih  and  dry  it  most  pc-rfectly, but  Itiiling 
to  weigh  it  with  exactitude,  the  result  be  obtains  is  not 
■ocuiatv ;  or  Ite  tiiay  Ik  K'viiratv  and  yet  may  err ;  he  muy, 
for  example,  find  a  ma^etic  eubstanee  in  tea,  and  may 
weigh  it  with  the  ^rcatc^t  precision,  and  set  it«  weight 
duwQ  aa  being  that  of  metallic  iron;  but  if  he  ha»  avi 
pn»'ed  it  to  be  iron,  his  rccult,  alttiou^h  accurate  in 
wdgbti  ia  not  to  be  dependt^  upon.  Strictly  Kpt-aUing, 
however,  u  man  who  may  not  be  depended  upon  as  to 
qualitative  matter  of  fiict  cannot  be  accurate,  because,  if 
he  raouol  be  relied  tipon  for  thi>  fact  itself,  he  cannot  be 
certain  in  any  of  his  quantitative  statements  respecting  it. 
It  K  of  but  littlo  u»c  1u  iiiciisiirc  u  tiling,  unless  we  know 
what  it  ui  wc  are  measuring ;  and  it  ia  of  less  value  to 
measure  an  efifect  withotit  knowing  and  measuring  the 
cattM  and  condition*  of  it,  Priestley  wan  an  example  of 
a  chemist  who  was  trustworthy,  but  not  accurate.  He 
was  a  great  qualitative  investigator ;  he  discovered  many 
new  subriancen,  and  his  diiKHiveries  were  real,  as  subjie- 
qneat  experience  has  proved ;  but  his  experimenU  were 
erode  in  a  quantitative  8cn«c,  he  rarely  made  use  of  tiie 
balance,  and  was  unable  to  make  quantitative  analyses. 

In  determioiuf;  a  quulitatirc  fact,  measurement  is 
tmially  unnecessary,  or  we  continually  sm  in  the  art  of 
qualitative  chemical  analyeis.  In  other  cases,  however,  by 
means  of  a  measurement^  wo  obtiiin  both  n  qtmlit^tive  and 
a  quautitative  result  at  the  same  Ume:  and  in  a  few  casc« 
the  only  method  wc  know  of  obtaining  a  qualitative  result 
It  by  means  of  a  quantitative   measurement,  or   under 
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(jiiiintitafive  (jonditions.  U  wnji  by  mmas  of  quantiUtire 
nieasiirciQent  that  Newton  discovered  the  qnalitatire  trtiUi 
of  ttiL-  iinivvn<iii  Hution  of  gravity;  «Dd  tsomc  qtuilitative 
testK  in  chemistry  can  only  be  Huoc«flsfiilIy  made  by  oddii^ 
the  substances  to  citch  otiicr  in  proper  proportions. 

A  tiiinlitMtivt'  tnitb  is  not  one  of  dofirw !  it  i» absolute. 
In  a  qualitative  seaae,  a  thing  nwat  either  be  or  not  be ; 
but  the  i(U-^  of  accuracy  is  a  qnanlitativv  one,  and  accu- 
racy may  exist  in  all  degrees  from  nothing  to  perfection. 
We  cannot  verify  tho  exactnes!*  of  Die  R-wilts  obtained  by 
nieaiia  of  a  more  exact  method,  by  employing  a  lesi  sccu* 
rate  one,  becnuse  tlie  range  of  uncertainty  of  the  tatter  is 
T  tlian  that  of  the  former.  Thiis  it  iit  of  no  tut-  to 
in  a  coarBo  balance  a  light  substance  which  has 
already  been  weighed  in  a  delicate  one.  It  if  a  good  plan 
to  indicate  the  degree  of  dubious  accuracy  by  decimal 
numbers. 


CHAPTER    XII. 

PROBABH-ITY   I»   MATTBUS  OV  8CUWCB. 

PltOBABiLiTT  is  K  quantitative  idtsa,  and  may  exist  in 
degree.i  from  nothing  lo  infinity  ;  and  m  in  tliiti  treni 
science  is  considered  nnly  in  a  qualitative  aspect,  1  aii 
oonline  myself  to  but  a  few  remarks  upon  it. 

Probability  may  Ix;  di^iincd  as  likelihood  baaed  u 
our  intellectual  perception  of  proper  and  sofBcieut  «vi' 
dence.     It  is  an  idea  which  is  dependent  for  its  exintenoe 
upon  the  linite  action  of  all  our  senses  and  mvutal  powers ; 
for  if  those  powers  were  infinite^  all  our  ideas  would  he  a»    ■ 
certain  as  truth  itself,  and  that  of  probability  would  noffl 
In  other  word^  ta  all  the  vxiMcnces  and  operations^ 
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ODiiini  arp  rcnultx  of  unerring  Inws,  probability,  uncor- 
tainty,  or  cliaacu  lta«  no  esiEtence  in  them ;  and  if  all  our 
eapaciti(!S  for  perceiving  and  tindvrstandiDg  nature  wer«  I 
eoexteoBive  with  nature  itself,  uU  our  EcieotiBo  beliefs 
wuuld  b«  cerl&in,  nnd  vm  ^ouM  not  rL-iiuirc  to  vxproM 
liny  natural  event  in  tenns  of  proportionate  truth. 

The  dcfn't*«  of  prolnbility  with  which  v/c  rvgard  an 
event  depends  largely  upon  our  knowledge  and  ex{>erience ; 
wo  anj  apt  to  miscaiculatc  tho  true  degree  of  probability 
of  tiiat  of  which  we  have  no  ex;)<^nt^iioe  or  knowledge. 
Oar  estimate  of  probability,  like  that  of  accuracy,  is 
therefore  a  thing  of  d«gr«r,  and  depends  upon  the  suffi- 
(denov  of  the  evidence,  and  uur  capacity  for  receiving  and 
andentandini;  it. 

Prubability  ia  a  very  im)>ort.a]it  and  extCDnive  mibject 
IB  science  :  and,  according  to  Butler,  it '  is  the  very  guide 
of  lifp.'  An  our  kiiowJcdjje  of  nature  is  extromt'ly  imper- 
fect, the  element  of  probability  enteni  into  nearly  all  our 
tboiight«  and  acts  :  and  as  the  data  from  which  we  reason 
»re  very  rarely  certain,  our  infiTcocei*  arc  often  only  pro- 
faalile,  and  we  require  to  know  the  degree  of  probability  of 
statcmvntA  bcforrt  wc  reason  upon  them.  In  tliis  way  a . 
knowledge  of  probability  ia  a  neeevKury  basis  of  inforeuco  J 
and  o  guide  of  conduct.  J 

Our  iuferi'nceii  of  fiidire  ovent«  are  all  of  thorn  pro-l 
bable  only,  because  of  uur  finite  experience  and  knov-i 
badge ;  biit  thv  dc^^rce  of  probability  of  an  event  is  often 
Euffident  to  remove  all  serious  di-grw  of  doubt.     That  i 
which  if  vary  nearly  certain,  we  accept  as  certain,  in  order ! 
lo  save  us  further  labour ;  and  as  it  is  ^ufTicicutly  certain 
foe  oeariy  all  practical  purposea,  we  usually  act  upon  it 
and  incur  the  rikk. 

Scientifio  hypotheses  are  often  only  proluibly  true,  and 
Uiat  in  a  ato&U  degree ;  but  we  must  not  reject  or  evan 
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disrpfpird  tJu-m  on  tliat  account.     New  tnitli*  are  oll< 
tnit  tJowIy  perceived,  and  many  great   discoveries  ba' 
arisen  from  what  uppcnrcd  at  the  outlet  to  be  btit  sli(;1itlii 
probable    bypothwes;     Avogadro's    law,    for    example.' 
Many  false   Wliefa  also  have  at   first  bcca  doubted,  »s 
being  only  probably  false,  but  finally  proved   to  be  SO 
the  theory  of  phlogiston,  for   instauce.     Any  etatement 
whidi  dot-s  nut.  actually  contnulicl  the  fmidainental  law* 
of  nature  ia  not  impossible,  even  tJiougb  we  are  unable  to 
prove  it ;  aD<l  n  belief  is  not  ncces^iirily  a  falw  or  dubious 
one  because   we  Imve  not  sufbLii^iit  data  U[x>n  which  to 
base  it,  or  no  good  ai^ument  to  support  it.   With  nothing 
to  inrovc  and  nothing  to  disprove  a  soifjutific  statouwiit, 
the  probability  of  its  truth  or  falsity  are  equal.     A  weak 
argument  in  supjiort  of  a  sciontific  conchisioD  doM  not 
di»prove  the  conclui«ion;  and  a  strong  argtmient,  baM-d 
upon  many  unwi-taiu  data,  is  itself  extremely  uncertain,      i 
To  an  uusctentilic  mind,  statcmc^iitj^  which  arv  not  provab[«fl 
often  pniduce  a  stronger  conviction  of  probability  and" 
truth  thiiu  those  which  can  be  VL-ritied  ;  and  this,  in  sonw 
OEDtcK,  arines  partly  from  the  fact  that  in  scivntifio  matters^' 
external  appearances  are  often  the  opposite  of  realilv. 

'  "'SI 

far  as  possible,  each  point  of  evidence  according  to  its  own     i 
mtrinsic  degree  of  likelihood;  and  iu  forming  a  geuend 
scheme  of  science,  we  aim  recjiiire  to  quiiutify  our  ideas, 
and  to  value  dilTerent  scientific  principles  according  to     j 
their  relative  pioWible  degrcui'  of  intrinsic  importance. 

'  See  p.  ISO. 


4 


In  drawing  concltiitiouH  us  to  the  degree  of  prob&bility 
of  a  ^ven  scientific  statement,  it  is  necenary  to  value,  i 
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CHAPTER   Xlir. 

ox   TOE  aUTEKIA  OF  SCIKNTIFIC  TRFTK. 


Tnitb,  like  a  perfect  pictuie,  filtwl  in  every  pait, 
Prodnceti  fiiU  convicbion  oii  every  upon  bunrl. 


What  is  tntlh?  and  what  are  tho  coinplctv  criforia  of 
tnitJj?  are  quefitiona  which  have  occupied  the  minds  of 
iDeu  iu  all  Oj^,  and  can  proiiiiMy  he  fully  solved  only  by 
meaiu  of  perfect  and  tntinite  knowledge, 

Trfttli  is  univtrutd  consuiUncif,  unity  in  diveraity ;  all 
tnitli  i»  one  by  ixmeosiDg  theiie  eaaeotial  attribute*.  liut 
although  all  truth  is  consistent,  consiat^ncy  is  not  iicci't- 
Mrily  Iriitli,  bcuiuw  thurc  may  liu  a  limited  consistency 
of  imaginary  existences,  or  a  ttelf-consisteut  liniittfd  SYHt^m 
of  error.  Iminwliato  conirciouxucss  also  cannot  be  a  cri* 
teriou  of  truth,  bccuiuie  all  our  Acnic-s  arc  apt  to  di-«,-eive 
na  and  SDinetimes  oontradtct  each  other;  nor  can  our 
iottdtivG  mental  tendencies,  because  they  aro  very  mis- 
lead tog. 

According  to  Sir  John  Het«cfacl,  'the  grand  and 
indeed  only  character  of  truth  i*  it«  eajmbility  of  enduring 
the  test  of  tiniveraal  experience,  and  coming  unchanged 
oat  of  Bvcry  po!i»>iblc  form  of  f«ir  di^cusMiou.' '  According 
to  Archbiflhop  Thomiion,  'evidence  is  the  f(oIe  mcuu«  of 
Mtablishiog,  and  therefore  the  sole  standard  fur  testing, 
the  Irulh  of  any  proposition.*  'Four  principal  criteria 
of  truth  have  been  in  dificrcnt  forms  advocated  by 
logicians,  vix. : — 
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*  let  Criterion.  Th«  PrineipU  of  CcTitrndietion, — Tl)* 
(tame  uttrihute  caunot  at  the  same  titae  be  arliimed  and 
denied  of  the  same  subject,  or,  tbe  same  subject  cannot 
havu  two  contradictory  attributes. 

'  2nd  Criterion.   The  Prlnaiple  of  Identiiy. — Cone 
ttons  which  o^c  can  \x:  affirmml  of  the  same  mibjfct : 
tti«  Hiroe  time.     This  principle  i»  the  complement  of  ih< 
fbnner. 

I*  3rd  Critcirion.  TJie  Priticipte  of  the  Middle  bein^ 
Exdh/ded. — Kittier  a  giv«n  judgment  mURt  be  true  or  it 
contradictoiy  ;  there  is  no  middle  course. 

'  4th  Criterion.  7'As  Principle  of  Su0ictf:nt  Reuson,- 
Whatever  exists,  or  is  true,  muat  have  a  aufiicient  reaaui'^ 
whj  the  thing  or  prupositiun  should  be  as  it  is,  and  iwt 
otherwiite.     From  this  law  are  deduced  such  applications 
as  these: — 1.  Granting  tbe  reason,  we  must  grant  what 
follows  from  it.     On  this  depends  eyllogistic  inference. 
S.  If  we  reject  the  consequent,  we  must  reject  the  renw>n.' 
'  Tbe  four  critt-ria  in  question  are  useful  in  securing  fonrml] 
Initlt,' '  Uial  i*,  in  keeping  our  Ihougbttf  in  hartnouy  witlij 
each  other ;  but  for  the  discovery  of  material  tnith,  for 
giviug  us  thoughts  that  are  true  representatives  of  £\ct 
they  are  either  useless,  or  only  useful  tu  priticipleii  8ubor 
diuate  to  the   higher  criterion — that   every  proposition 
mui't  rest  on  wiffieient  evidence.'     '  Viewed  as  instruments 
for  judging  of  material   tnith,  they'  (i.«.  tlm   critftrta) 
•sink  into  mere  rules  for  the  reception  of  evidence. 
first  is  a  caution  against  receiving  into  our  notion  of 
subject  any  attribute  that  is  irreconeileable  with  soi 
other,  n  I  ready  proved  upon  evidence  which  we  cannot  doul 
Tbe  se^xnd  is  a  permission  to  receive  attributes  that : 
not  thus  mutually  opposed,  or  a  hint  to  seek  for  snci 
onlj"-      The  third  would   conjpel   us   to   reconsider  the 
evidence  of  uny  proposition,  when  other  evidenco  threat 
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to  pompel  u«  U>  auc«pt  Its  contradJctiiry.  Tlie  fourth 
commiutiis  ibat  we  &eek  the  causes  and  Lan-a  that  have 
deU-nuined  thv  existcuoo  of  our  siibjurt,  for  tlio  Eubjtict 
cftUDot  l>e  ad<!(|iiat«Ij  known  ejt^ept  in  lhe*e.  So  that  the 
vxonted  criteria  of  truth  are  rules  of  evidence ;  and  there 
U  oo  one  meiias  of  judginj;  of  tnitb,  vxcept  what  the 
whole  science  of  evidence  affords."' 

Th«  criterion  given  by  Sir  J.  Herschel,  viz.,  agreement 
with  univt^rtnl  «x]>erienc«  or  evidence,  u  an  excellent  one. 
Truth  in  science  in  complete  real  consiHtency  with  universal 
nature,  nod  tlic  ultimate  tc;»t  and  criterion  of  truthful- 
DMs  of  all  scientitie  Ideait  is  real  conforinity  with  all  the 
^;T«nt  priitciples  of  ecience,  including  tlic  laws  of  identity, 
contradiction,  and  duality;  the  principW  of  tuiifonnity 
of  nature,  of  continuity,  conservation  and  equivalency  of 
matter  nitd  fonx-,  of  action  and  reaction,  the  laws  of 
motion,  Ac* 

These  and  a  number  of  other  important  t^sts  in  science, 
couftitiit'.-  not  only  the  criteria  of  scientific  truth,  but  also 
furnish  the  law.*  of  priwif,  nnd  determine  IIik  value  of 
mridencc  in  scientific  questions.  When  we  prove  a  atate- 
meot  in  Kcieiice,  wc  show  by  evidciiee  that  it  u  in 
aeoordanoe  niib  the  great  principh^H  of  nature  and  doei 
not  contradict  any  of  them ;  that  it  is  identical  with,  or 
rimllar  to,  other  known  and  admitt'.-d  tniths ;  thtit  there 
15  a  sufficient  reaiion  for  the  exii<tcRL''-  of  llie  Kuhjeot  of  the 
staienKDt ;  and  that  it  cannot  be  otherwise  on  account  of 
the  i-auHv-K  and  couditiou;  present. 

'We  have  to  notice  a  distinction  which  it)  fotind  to 
ptpvoi)  in  the  progress  of  true  and  false  theories.  In  the 
form<-r  cbu«<,  all  itie  nddilionul  siiippositions  toi"/ (o  #('m- 
plicity  and  harmony ;  tlie  new  suppoeitions  resolve  them- 


'  See  CUpler  XIV. 
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selves  into  the  old  ones,  or  at  least  require  only  Bomc  «a. 
modlficution  of  the  hypotht-sis  fir»t  a«nunfl:  tJiu^vKt 
l)tr<ime«  more  coh«rcnt  as  it  i»  ftuther  exttioded. 
elements  which  we  require  for  explauung  a  new  class 
fiu:ls  iiR-   iilrtudy   contiiiiiL'd   in   «ur  system.     IHfteren 
members  of  the  theory  nm  tAgt^ther,  and  we  have  thus  a 
constant  convergence  towards  unity.    In  false  theories, 
contrary  is  tJio  ciisf.    The  new  8ii|)[Kwittoiis  aru  somithjuj 
altogether    additionnl ;    not  Kiiggeiited    hy   the   origin 
scheme :  porbttps  difficult  to   reconcile  with  it.     En 
such  ndditiou  ndil.t  to  tht;  cuinpU-xity  of  tbv  hypothetical 
system,  which  at  list  becomes  unmimageahle,  and  is 
pcllod  to  litirrcudcr  it^  pluce  to  some  simpler  exptunatioD. 
'  The  docti-ine  of  phlogixtoD  brought  togethtr  many  fac' 
in  a  very  plausible   manner — combustion,  acidificati 
and   otIier*^and    very   natnrjilly   prevailed  for  u  whil 
Hut  the  Ittlance  earne  ti>  Ix-  iwed  in  chemical  o])eratiQQ: 
and  the  facts  of  weight  as  well  as  of  combination  were 
be  aeeounted  for.     On  lh«  plilngisHi^  theory,  it  apixarei 
tbat  this  could  not  be  done  without  a  new  suppoaitio 
and  that  a  very  strange  one;    that   phlo^ston  was 
element  not  only  not  heavy,  but  absoliil^'ly  light,  so 
it  dimiuixhci)  the  weight  of  the  compounds  into  which 
entered.     Some  ohemiHtH  fur  a  time  adopted  this  extrav; 
gant  view  ;  but  the  wiser  of  them  saw,  in  the  necessity 
such  a  mppoKitiun  to  the  defence  of  the  theory,  an  evidence 
that  the  hypothesis  of  an  element  phlot/wton  wa*  erroneous. 
And  the  opposite  hypothesis,  which  taught  that  oxyi 
was  subtracted  anrl   not  pblngiston  added,  was  necepi 
bcvause    it    required    no    such   nov<el    and    inadmijsi 
assumption.' ' 

With  regard  to  the  question,  WTiat  is  the  mental  fiicult. 
by  means  of  which  wc  detect  and  apprehend  truth  ? 

'  WbewcU,  J^iii»rv/yf  ^Ihc  Injuctin  Seieace*,  t»1.  IL  p.  33$-S. 
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mir  ftspericccefl,  when  corrected  by  the  powers  of  the 
intellect,  iiiiitv  to  prove  tliAt  t\w  iiitt^llKrt  ill  gcDeral,  and 
tile  reaiMining  fiiculty  in  particular,  are  the  nu-nnti  by 
wiiii^h  atono,  acting  upon  tbc  evidence  supplied  by  tho 
othnr  power*,  we  «r«  enabifd  to  diatiiijriiiiii)  truth.  To 
make  tbifi  cIiat;  we  know  that  all  our  mental  possee- 
dons  oonsiet  of  idvufi,  and  that  iduii.<  inay  be  either  true 
or  faltw.  In  diwriininating  the  truthful  onea  wo  employ 
the  intellect,  including  the  powers  of  perception,  attitntion, 
cotnpuriKon,  reason,  and  judgment.  Thu*  wc,  Isl,  perceive 
tint  id<tiu> ;  2nd,  direct  attention  to  them  ;  3nl,  compare 
them  with  other  ideas  whieh  wc  know  are  most  certain  to 
be  tnio,  sticb  a*  the  (jreat  principles  of  nature,  including 
tbo^e  of  non-contradiction,  causation,  conservation  and 
Aq'ttivalency  of  enor(^,  action  and  reaction,  inertia  and 
omnentun,  &<:.,  .ind  ascertain  if  they  are  similar  in  thefr 
essential  attributes;  4th,  wc  conclude  by  an  act  of  infer- 
eoce  that  they  nrv  therefore  true ;  and  5lb,  by  an  act  of 
judgment  we  decide  upon  them. 

As  this  explanation  teems  fully  to  account  for  the 
(iffect,  and  it  i»  clear  that  the  will  (which  in  only  a  con- 
maaua  mental  effort  to  effect  an  object,  the  idea  of  which 
if  abvady  in  the  mind)  cannot  sHeet  ideas ;  it  is  unnetics- 
Mjy  eithw  to  assume  that  we  possess  a  special  or  occult 
power  of  diMwming  truth.  s«i<^h  as  a  'mora!  sen^^e;'  or 
to  prove  that  each  of  our  other  powers,  not  include)]  in 
the  intellect  (such  as  the  feelings),  are  blind,  and  cannot 
compare  or  reason,  an<l  therefore  cannot  distinguish,  or 
n-ailj  select,  ideas,  although  they  appear  to  do  so.  We 
poness  DO  royal  or  iafitllilile  modo  of  instantly  selecting 
tmthful  idfii*.  not  even  by  means  of  the  intellect ;  and  the 
Ubiur  of  distiugui^hing  truth  Ik  the  work  of  all  mankind 
ttuDogh  all  titn«,  and  supplies  the  discipline  which  do- 
ve)op«  our  intellectual  and  moral  faculties.  , 
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CHAPTER   XIV. 
TBK  OKKAT   PBIKCirLSS  OF  IXIKXCR. 


The  keys  for  unlocking  thn  oncrvts  of  lutnro  nn  th*^  great 
priiidpl«a  of  KJeiioe. 

EDN'iN'o  mvn  in  all  .igis  have  had  j>1imp»e8  of  aome  i 
r  great  tnitlis  wliich  tindtrlie  «ll  nature  ami  all  art, ; 
have  shiidowed  thc^m  forth  in  saying  which  have  lx%a 
handed  don-u  from  frpncnitiun  to  genpration ;  or  have 
tran^nitttH(j  them  as  indistinct  germs  of  truth,  iDCorp^ 
rated  with  much  error,  in  their  various  writings. 

It  is  thi-  i^cat  fundaiiiraUil  pniiciplc«  of  ^ience  which 
have  rendi^red  pogsible  photography,  electric  tvK^niph^ 
and  t«leplioneH,  and  all  the  ]>resent  and  future  inventions 
of  men.  If  these  and  other  modem  scicutilic  invtmtioiu 
are  so  wonderful,  and  if  the  beauties  of  nature  ar«  n 
charming,  how  much  more  so  must  be  those  principles,  of 
tliv  (incrrin<r  ac-iion  of  which  they  are  merely  some  of  i 
products  or  result*  1 

Great   truths   ar«   n-p resented   by  great   ideas; 
altliongh  some  of  the  greatent  ideas  «ro  umoiigyt  the  mc 
certain  of  human  beliefs,  they  are,  in  our  mind^  onlj  il 
ferencex  drawn  from  our  5nitc  experience ;  and  the  greaU 
th«  idea  ii.,  to  a  greater  extent  U  it  iLiually  a  result  of 
feronce-     liven  one  of  the  groatcHt  of  them,  viz.  that 
maltfr  and  energy  mugt  have  iccft  erf-nted  at  «ome  tit 
is  only  an  inference,  and  neither  science  nor  the  uiiivor 
experience  of  mankind  tbroiigli  all  time  has  furniabed 
with  verifiable  knowledge  respecting  it,  i.e.  no  persoo 
ever  witiic'M'd  a  single  net  of  cre<ition  of  matter  iw  en* 
Of  tii«  Infinite,  also,  we  have  not  the  leant  comprcheusic 
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and  «xperi<!Di%  yield  n»  infonnalion  respecting 
only  tbe  phenomena  which  exUt  or  hav«  exiitt«<) ;  tlteir 
natiul  rrlutions  and  tli«  change*  of  each.  We  have  no 
tneiuit'  of  verifs'ing  by  meaiiH  of  t»xperi«nce.  nor  by  com- 
pftrisoD  or  inference  based  upon  experience,  the  idea  that 
Ihe  iinivenH-  tins  or  hiuf  out  exUted  Ihrotigb  infinite  time, 
or  does  or  do^  not  occupy  infinite  npace ;  and  our  iMiliefa, 
tberefmn,  respecting  tlicsc  questions  arc  hypotheses,  and 
not  mH  kuoutledge.  Thote  idou  uUo  cannot,  tbcR-fore,  bo 
int^rly  called  '  principiea  of  science.' 

What,  then,  are  these  groat  principle-s  which  scientific 
BBflo  value  so  highly?  They  may  be  conveniently  ennm«> 
rated  thus : — 

rni%-ersitlity  of  caiiiKation  and  of  lav. 
CoexiBtonce  of  matter  and  energy. 
S.  Conservation         „  „ 

Pentstency  of  phenomena  (including  that   of  test 
and  of  motion,  of  form  and  of  change  of  form). 
5.  Universality  of  matter  and  of  energy, 
mutton. 
Diwipntion  of  energy. 

incidi^DPc  of  change  of  matter  and  of  its  forces, 
rrelaiion  of  forces. 
Tran>!formatioD    „ 
Eijtiivalenoy         „ 
Transference  of  force. 
Concurrence  of  causes. 
Uiwqiiiil  action  of  ca)L4(>M,  &c. 
he  proper  application  of  these  principlcx  or  grncral 
:tl».  of  combinations  of  them,  or  of  minor  principles 
••Ay  contained  in  them,  thft  mnltitudinouB  and  varied 
;.!  ;^iiena  of  the  uoiverae  may  be  (what  we,  by  ordinary 
of   speech,   term)    explained.     For   instance^  a 
irlcdge  of  the  law  of  action  of  grarity,  and  uf  the 
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principles  of  electro-mafi^nelisin  and  niagn«to-elecirici^ 
<rnubK-)<  us  to  und<-rH»n(l  n  great  numbvr  aiid  variety  d 
mechanical,  aHtronomiout.  and  physical  pbetUHnena.  I 

I.  The  grvak^t  of  them,  niid  loved  apon  th«  wideJ 
experience,  is  tJiat  of  uiiMmat  causation^  viz.  that  ovea 
phenomenon,  whether  static  or  dynamic,  of  matter  ^ 
energy,  has  a  catifw,  i.e.  i*  IndiwohiUy  related  to  smnl 
othnr  phenomenon  in  such  a  way  that,  whon  the  forma 
happens,  the  latU^r  h1«>  in  present.  Uniremlity  of  cauaJ 
tiou,  thi-refore,  implies  universality  of  law,  and  he  wM 
denies  the  latter  rcfuscH  oi^jfent  to  the  former,  and  aUd 
implie^s  that  ^ouie  phenomtma  come  into  existence  eitbel 
by  chance  or  by  Bomc  arbitrary  supernatural  agency.  Nd 
ODO  possessing  the  li-ji^t  pi'etvncc  to  a  knowledge  of  »cieDCi 
would  deny  the  eiiatence  of  an  univcrsul  First  Cause,  tU 
orig;ina1  source  of  evcrj-  phenomenon,  wht-tlirr  good  oreriU 
It  is  the  idtia  of  univorj^al  causation  which  is  somctimol 
employed  as  synonymous  with  that  of  an  Almighty  Ruled 
The  principle  of  universal  causation  implicitly  contaial 
all  those  of  lesser  magnitude,  and  is  the  fountain  of  aD 
Hcientitic  truth  ;  niid  it  is  by  a  process  of  logical  iufereiMM 
and  <litrer«ntiation  that  all  the  oth(.'r  pritici[^e3  are  proved 
to  flow  from  it.  I 

II.  7'Ai!  coexi*tani:i'  (and  indissoluble  cosnection)  oj 
mattn-  ami  enrnjy — i.e.,  wherever  mutter  exists,  enern 
(either  potential  or  active)  also  exists  (or  matter  is  tEi 
sent  of  energy) — is  another  truth  of  (ho  widest  kiwfl 
based  upon  universal  eiperimce,  and  is  infentrd  from  thi 
fact  that  energy  has  never  been  ohuerved  except  in  conneol 
(ion  with  matter;  i>.  in  connection  with  that  wbicq 
possesses  weight.    This  truth  needs  no  illutitratioD.  I 

III.  Another  great  principle  is  that  of  per»istcoce  of 

•  By  tbo  term  ovil  U  ti«rc  moant  wbkt  wc  with  our  limicod  f».-nVlJ 
contidet  evil.  I 
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eouMTVation  of  mntie}'  and  energy ;  i,e.  that  matter  and 
its  eneigy  are  indestructible  by  ua ;  and  tlii^  is  inferred 
fri^m  the  fact  that  amongst  all  the  millions  of  experi- 
ments, chemical  analyses,  and  observations  made  by  men, 
not  a  single  verifiahle  instance  has  ever  been  observed  of 
ftctual  creation  or  annihilation  of  matter  or  force ;  and 
hence  we  infer  that  the  total  quantity  of  matter  and  energy 
in  the  known  universe  is  invariable.  We  know,  from  an 
almost  infinite  number  of  most  conclusive  experiments, 
that  when  substances  are  burned  or  converted  into  invi- 
dble  vspours  or  gafies,  the  products  possess  the  original 
w^gbt,  and  may  be  made  to  yield  the  original  elements. 

jy.  Several  great,  though  lesier,  principles  flow  from 

this   and    the   previous    ones.      Amongst   them   may   lie 

mentioned  persistency  of  phenomena,  whether  at-atic  or 

dynamic ;  physical,  chemical,  vital,  or  mental,  or  of  form 

Of   change  of  form.     It  is  clear  that  if  cause  and  effect 

are  indissolubly  connected,  and  matter  and  energy  are  in- 

destmctible,  persistency  of  natural  phenomena  must  residt. 

Thi*  principle  includes  the  first  law  of  motion.     A  body 

in  a  state  of  motion  tends  to  continue  in  that  state   of 

motion,  and  one  in  a  state  of  rest  tends  to  continue  in  a 

itate  of  reat ;  and  this  is  true  not  only  of  the  mechanical 

motion  of  masses,  but  also  of  molecular  motion,  including 

tlttt  of  physical,  chemical,  vital,  and  mental  phenomena. 

A  body  at  a  certain  temperatiu-e  tends  to   continue    at 

^t  temperature ;  a  siibstance  burning  tends  to  continue 

t»  bun  ;   a   heart  beating  tends  to  continue   to  beat;    a 

kaJD  thinking   tends   to  continue  to  think,  &c.      Per- 

suteocy  of   structure  and  of  form   is   seen   in   physical 

Ktenc«  in  the  numerous  phenomena  of  the   structure  and 

^•hapes  of  cryatals,'  minerals,  vegetable?,  and  animals ;  also 

'  A  snlnUon  of  common  salt,  however  mnnf  times  reciystalliaed, 
i^sBfB  ji«1ds  colouiless  caben  having  similar  propoitiea. 
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io  vital  Ecienc^.  ai<  physioal  and  mi>nta!  bor«dity:  sDd 
psychology,  in  wliat.  hast  been  termed  the  '  iade^nititibili^ 
of  iddaa.' '  A  trody,  also,  psfsing  throtigb  u  cycle  of  chaoj 
during  ■  giTea  period  of  time,  t^nda  to  repeat  tliiit  cj 
of  ehangea;  this  is  manjfi.'et  in  the  motions  of  all 
heavenly  bodii-tt,  in  th«  reciirrvnce  of  tliv  «kvpiug 
woJcing  statttx  of  planta  and  animaU,  of  labour  and 
&c.  Man's  restless  spirit,  and  all  the  actiooB  of  me 
and  animiil*,  may  thus  1«  interpretfld  by  the  grvat  prin- 
ciple of  peraistency  of  motion. 

V.  The  vnivereat  exintirnce  oj  matlar  and  energy  {ijs, 
matter  and  energy  pervade  all  space)  is  another  wide 
principle,  and  is  inferred  from  the  geoeral  tmtb,  that  all 
known  Kpaci;  appcxrti,  fn>tti  ol)«erv«tion  and  infereiux-,  to 
be  occnpied  by  matter  of  greater  or  lesser  de^ree«  of 
density;  and  from  the  mori.^  xpocial  tnitb,  that  do  man 
has  jirt  I)een  abi<^  to  produce  a  perfect  VAcnnra  ;  also  from 
these  truths,  combined  with  the  fact  that  wherever  matter 
exists,  energy  ha«  Ikkh  oliservcd  with  it.. 

VI.  Another  very  general  truth  may  be  convenient 
termed  the  univerifality  of  motion.     Motion  is  rdativisl 
all  the  globes  of  tlip  visible  part  of  the  universe  (and 
bodies  upon  and  within  ihvjn )  appear  to  be  in  motion ; 
the  smulirr  bo<lir!'  and  particles  which  ooctipy  tho  int« 
vttning  space  are  probably  in  the  same  condition.     All 
molecules  of  t^acb  individual  Hiib.<lnnpc,  bi-iug  continuaUjj 
changing  in  temperature,  are  never  aliMiittely  at  r^t. 
also  all  the  ^■a^iou8  ai-tivc  forms  of  energy  or  forces 
nature  are  considered  to  be  indicsoltilily  oonneotod 
different  modes  of  mot  ion  of  the  molecules  of  matter,  tt 
is  aiwociated  with  this  great  truth  that,  of  the  imiveroalitj 
of  actire  energy. 

VII.  Another  gvueral  principle^  termed  the  dUsipa- 

'  See  page  68. 


twn  of  ffnergtf,  has  been  advanced  by  Sir  \V.  Tbomsoa, 
vis.,  that  all  the  rariotu  forces  or  formH  of  vncrgr  in 
oaiutw  aif.,  sooner  or  later,  trannfuniM^  into  hcjti;  ant] 
u  there  is  a  tendencT  in  all  bodies  to  asBUine  e()uality  of 
bempvraturc,  a  timv  mtut  sooner  or  Inter  iirrivc  whcji  all 
available  eneig^  due  U>  difierenoe  of  temperature  must 


VIII.  Coincidence  of  change  of  maMar  and  iU  foi-cte. 
thxi  priDcipIo  affirms  that  ovury  ctiangv  in  the  molecular 
■truDture  of  bodies  U  attended  by  a  coincidental  change  of 
its  forces.  Nearly  all  the  physical  and  chemical  ptopcrtics 
ttf  bodice  appi'^r  (->  arJm-  froru  their  attimic  and  took-fiilar 
etmcCote.  For  insiance,  electric  polarity  and  chemical 
change  aio  probably  rssiildt  of  certain  relative  molecular 
pofilioDa  of  tiro  (or  more)  !iet«  of  particlei,  flft«n  coinci- 
dent with  a  particular  range  of  pressure  and  temperature. 
Aa  al*)  the  pwition  of  »?ach  set  of  partifl«s  ainongut  them- 
aulvea  varii^  with  every  change  of  t*impe  rati  ire,  electric 
polarity  (and  the  electric  and  chemical  attractions  and 
repablomi  aritting  from  it)  may  be  caused  or  prevont^fd  by 
safficieut  change  of  prefBure  or  temperature.  An  esamjile 
af  thu(  kind  i*  Mwn  in  tlie  union  of  a  mixture  of  oxygen 
and  hjtirogen  gases  by  raising  their  temperature  to  that 
of  a  red  heat)  and  in  tht-  di^^union  of  the  elemi-nt«  of  the 
vqnur  of  water  tJiud  prodticed,  by  raining  titi^am  to  the  very 
much  higlier  temperature  of  milling  platinum. 

IX.  Thv  principle  of  corrMation  of  finxi'j^  affirms  that 
DO  one  of  the  forma  of  energy  which  wo  term  luait,  light, 
rieetricity,  magnetism,  chcmicnl  affinity,  &c.,  can  be  dis- 
turbed wiUiout  etfect  ing  a  change  in  !<ome  or  the  whole  of 
the  (ithen.'  ThiH  principle  (and  the  previous  one)  at»o 
accords  with  tbt*  truth  that  each  individual  substance  alters 

■  Sm  Hntnt  Adrawn  i»   t^jHfal  ScUnfc,  3ud  edit.  p.   116,  by 
r  TklU  '  S«  m;e  33. 
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morp  or  les?  in  pr(ijH>rttcif  with  naoh  ohan^jc  of  prftwim  an^ 
toiuperatuTd,  and  may  be  regarded  under  each  eucli  cbi 
iis  a  {Hffcrent  £ul>«taDcc.' 

X.  The  prinoiplc  of  Iransformntiim  of  en^rpy,  or . 
vertibility  of  forces,  Ik  proved  by  the  fact  that  wherever  oi 
force  for  form  ofcd(Tgy)<liiwppear»,  it  i»  either  Ktored  «]»,< 
anolhci'  force  appeara  in  its  stead.     For  inj>tance,  whe 
one  kind  of  motion  disiippcunt,  another  ofU-n  appears 
itK  plaoi.-;  Miii«  ret^tilinfar  motion  of  ma»ie!>  may  be  coi 
Tert«d  into  circular  movement,  or  vice  vere& ;   also  the 
molecular  motion  wc  term  heat  may  be  n-^olved  into  Uii 
of  dectricity,  and  vice  verm. 

The  heat  of  the  «uu,  abtorltcd  liy  and  divappearing  ii 
the  leaves  of  plants  during  growth,  is  converted  int 
9toied-up  chemical  power,  hy  dccomposin"  the  carboni 
acid  of  the  utniospln-re,  converting  the  ejirWn  an 
hydrogen  of  thoao  compounds  into  combustible  bodies  aa^ 
retaining  th"m  in  the  plant,  whilst  simultaneoiisly 
the  oxyg'-n  of  them  free  into  the  atmosphtre, and  enabling 
it  to  support  com1>U!ition.  As  u  wpund-up  top  retains  i^^ 
a  titor{'<l-iip  condition,  ready  to  be  releawd  on  any  futui^f 
occasion,  the  meeliantcal  power  imparted  to  it,  ao  tile" 
carbon  and  hydrogen  of  planti*  retains,  in  a  latent  or 
[jotential  state,  the  chemical  energy,  ready  to  be  agaun 
liberated  and  converted  into  heat  at  any  fnture  timq 
either  when  burned  as  wood  or  coal  in  tJie  atmosphere,  i 
when  eaten  by  animaLs,  and  ozidi»cd  by  bIow  combustio 
in  their  tisKiieti. 

X[,  The  principle  fit  equivalenay  of  forcea  {or  tti  cAua^m 
and  ofTuct)  ha."  been  firmly  establidied  by  the  indefatigablfl 
labour*  of  many  eminent  investigators,  Dr.  Joule  in  par^ 
ticiilar,  and  has  been  proved  by  the  (act  that  in  the  co 
versioD  of  a  definite  quantity  of  one  force  into  aaotbor^ 
■  V«t  example,  aee  pt^o  St. 
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dc6nlte  lUDotmt,  i^fiiiviiknt  in  ruluc,  of  tLe  other  is  pro 
duonj  it)  iU  jilead.  Joule  proved,  hj  Duraemm  experi- 
ments, tliat  the  mecbanicsl  force  of  1  lb.  weight  falling 
through  773'55  fi<el  in  bvigbb  wux  eulficivut,  vhi^u  con- 
rsted  imo  heat,  to  raise  the  temperature  of  1  lb.  weight 
of  water  l"  Fahr.  Trnnsformations  of  other  forces  have 
ti«eD  ijff<ect<sl,  and  their  Miuivalentit  detiTiuined. 

XII.  The  principle  of  trans/f^fnc-^  of  force  flows  from 
the  principle  of  vtiuivAleucc  of  fori:<^s,  »nd  nfSriDti  thut 
wbenever  one  subetance  loses  a  certain  amount  of  foroe, 
onoUter  substance  Bc^niru*  a  pnccisL-Iy  itiiuilnr  quantity. 

XIII.  The  principle  of  concurrence  of  caunes  includes 
tiioee  cafes  in  which  a  number  of  ditfcn^ut  ciiiKtcit  eontipiro 
to  produce  a  aingle  ctTect.  It  is  byaconcurronce  of  t-Aiucs 
tbat  any  special  result  of  manufacturu  or  ait  is  produced  ; 
tlitit  a  sliip  or  a  railway  Icmii  arriven  luifvly  or  otherwitc  at 
■to  di3ttiiiiition ;  that  an  invalid  either  dies  or  is  restored  to 
health,  &c.  Most  of  the  cmicreUi  phciiuinenn  of  ordinary 
life  may  be  referred  to  tbia  principle.  It  is  either  by  the 
ulrapU  action,  multiplication,  divisign,  combiuattou,  or 
permutation  of  catue:<,  that  the  varied  and  successive 
plwDonMna  of  the  universe  arc  produced. 

XrV,  The  principle  of  unetjuitl  action  of  camet 
(either  producing  or  resisting  ones)  enables  a  single  cause 
to  prcrduce  a  mult iplicjit ion  of  effects  nud  a  utuubrr  of 
ptienoiiM-Du,  each  of  which  becomes  in  its  tnm  a  cause, 
und  produces  many  effects.  It  gives  rin;  to  '  differontia- 
UoD*  in  all  it*  forms;  to  the  irregular  direction*  of 
u-cretion  of  all  inanimate  substunccs,  and  of  growth  of 
liring  things  ;  and  thus  to  the  development  of  the  varied 
form!*  of  minerals,  vegetables,  and  animals.  In  at-eordance 
with  tbiti  principle,  every  inanimutv  xubstnucu  and  every 
living  thing  takt^  the  path  of  least  resistance;  every 
straua  and  river  takes  the  easiest  course ;  men  avoid 
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difficult  p&tlig,  seek  the  easiest  methods  rjf  iwoomjtlitiliiDg 
their  objects -,  paitjcular  tiades  and  maniifactiirea  Bouriab 
in  the  most  favourable  localiiiw,  &c  Even  the  gisdual 
civiiiHalion  and  dei'«l(>jiintMit:  of  Ih^  hiimAn  rare  i»  Ixigelj 
dependent  upon  the  unequal  action  of  causes.  Man  ia  tlw 
mo«t  diirVtrcntinU-d  of  all  orgnnixruK,  i»  Ktill  differoutiat- 
ing,  and  appears  destined  to  do  so  aa  long  as  be  may  erisL 
Adaptation,  natural  selection,  and  evolution  of  livin 
things'  at*o  depend  u^ion  th«  operation  of  thia  [Hineip]t(.' ' 
This  chapter  mi[;ht  be  very  considerably-  extended,  i 
as  to  fill  n  volutnv,  »tid  exhibit  a  compri.>beD»ivft  Aihuiue  i 
all  the  chief  principles,  not  only  of  energy  in  genend, 
also  of  nil  itjt  forms,  and  all  the  wicm-cs;  but  ae  this 
is  not  intended  to  be  an  exposition  of  licientifio  knowiedg 
I  must  rpfor  the  reader  for  further  information  and 
tional  illtiatrations  to  the  vnrioti.^  workit  piihli-iht-d  on 
subject,  amongst  which  may  be  montioucd  Groves  '  i 
Istion  of  the  Physical  Forces;'  ^Principles  of  Soienc 
by  S.  Jevons;  'First  Principles'  by  H.  Spencer,  18761 
*The  Conwrvation  of  Kimrgy,'  by  B.  Stewart; 
Advances  in  Physical  Science,'  by  P.  Tait ;  '  The  Vt 
Universe,'  by  Slwart  and  Tait;  'The  New  Cbemistiji 
ty  Cooke,  &c. 

*  Fbr  illnstnliuns  of  the  action  of  the  pdnciplii  of  e*t4tiii0 
and  ot  late^  Mv*f».  »e«  Chdpten  XLVL  and  XLVH. 
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CHAPTER  XV. 

GE^EKiL   BASIS   OF   SUIXE^    IK    DISCOTEBT. 


As  the  discoTerj'  of  new  scientific  truths  depends  upon  the 
relBiions  of  tli«  hiimiia  mind  to  estenml  natiirv,  and  iwour 
expuri<nc<!  of  nature  (including  that  of  onraelves)  is  the 
entire  primary  r^>tirc<:!  uf  nil  our  scientific  knowlcd^,  imd 
M  the  nund  of  man  has  always  to  adapt  itself  to  nature 
wbiUt  receiving  scientific  Imtli,  nnil  win  only  diwovcr  those 
tnttliM  for  the  discovery  of  which  it  posufisst^s  miJlaUo  facul- 
ties, ifc  is  evident  thnt  the  principles  upou  which  success 
ID  tin  ut  of  scientific  difloovery  depends,  ma«t  cxlvt  pn- 
nu-iiy  in  nahut?  and  secondarily  in  the  human  mind.  No 
ntpematural  tbooiy  can  a*  truly  explain  tbo  pc^rsona] 
cooditiona  of  discovery  and  evolution  of  new  scientitie 
knowledge  as  that  of  inheritance,  seluction,  and  adaptation. 
Suecenful  occupation  in  the  art  of  aoicntific  dixcovery 
ia  based  upon  an  acquaintance  with  the  great  principles  of 
science  and  with  the  diief  operations  of  the  humuii  mind. 
It  requires  a  more  or  less  extensive  knowledge  of  the  prin- 
ciples of  the  eonsijcteney  and  uniformity  of  nature,  the 
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conseTvatioD  of  matter  and  force,  Uic  corrvlBtion  and  eq 
valcuc^'  uf   tbu    variuiis   furucK,  &c. ;    lUso  an  ncqutuD 
aooe  trith  the  chief  principles  of  operation  of  the  human 
tnind  in  obiwrviu^,  comparing,  cJuseifyiug,  {<;(!nvralieiD; 
,  inferring,  &c.,  and  in  combining  and  arranging  tlie 
dence.' 

The  experimental    basia  of   discovery    id  not 
'  I^cnardo  da  Vinci,  about  the  yi^ar  1452,  iniiiiiCed  u 
tie  necessity  of  the  experimental  and  inductive  method  of 
iniptir}',  In  order  to  obtain  new  soientitit!  knowltKlge; 
even  '  Aristotle,  and  other  ancient  philosopbera,  not  onl; 
asserted  that  uU  our  knowledge  must  begin  from  cxpcrie 
but  aluo  stated,  in  langnii^t  niucli  resembling  the  habit 
phraseology  of  the  moat  modern  school  of  pbilosophiBi 
that  pnrliciiiiir  facts  inu«t  be  ooUectat;  that  from  thei 
geneml  principles  must  be  obtained  by  induction;  and 
thuM!  principles  of  tbc  mo«t  gunciral  kind  are  axuynui.'* 


."^ 
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TUB   POSITION   OF  UAH   AS   A   niSCOTEKBR   tX   HATI 


Max  ii*  a  part,  of  nature,  and  cannot  csciipu  from  it ;  be  ii 
primarily  its  scrvuiit,  and  in  accordance  with  the  principloJ 
of  equality  of  action  and  n-actiuTi,  he  is  secondarily  it^fl 
master  or  guide ;  and  in  order  to  he  enabled  to  diwover 
new  truth*  uud  direct  niitiir*-,  ]w  must  first  obey  Nattirc'a 
law*.  In  matters  of  new  knowledge,  it  is  of  o«  use  to  be  m. 
frightened  at  the  truth  ;  ]K.'opIe  who  are  ignorant  of  tb^| 
great  laws  of  creative  power  are   utlen  ulium«d  at  neW^ 

•  for  fnnlier  inform!iii<iii  ititpcottiig  iLiapMtof  lh«Ribjcol,  wa 
iXn'.sna  XXXVI. 

*  Wlwwrii^JaWMrjf  qf  the  InJiiMt*  Stieiuyet,  voL  ill.  8nJ  edit  ]v 
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ric*,  l«t  ibey  may  overturn  their  favourite  notion^j 
■  Mem  to  forget  that  we  juc  Iwpgurx,  riDt  olioo#eR<,  Jin 
lucli  matters,  and  should  therefore  be  thankful  for  all^ 
additional  trutlu ;  uod  iu  iuutt«n!  which  w«  do  not  our- 
mItbs  underetaitd,  our  wisest  course  is  to  accept  new 
knowled^  from  tbuec  who  kuow  most  of  the  subject^,  aad 
have  auHicienl  trust  and  (sonrafiti-  to  hii^tard  the  coime- 
queiK-4w,  however  unpleasant  or  I'rinLtftil  they  may  appear. 
It  is  evident  tliiiL  [n»u'K  puwi^r  to  discover  new  sci<^n- 
Ufic  truth  is  dependent  upon,  and  limited  by,  his  position 
in  the  univene.  TLis  is  &howD  iu  variotu  wny*: — Isl. 
He  is  the  creature  of  circumHtancex,  and  mitst  receive 
pb^cftl  and  ucutal  improsfeions.  By  the  nccct^sitieti  of 
bis  orgfanisation  be  i*  uoinpt^Ileil  to  ho  uontinually  active. 
To  tatifty  bis  own  requiremente,  and  the  just  demands  of 
his  felhiw-uien,  htt  i^  otleii  hound  to  ^eek  the  truth,  im- 
pelled by  his  experience  of  the  advantage  of  knowledge 
on  the  onn  hand,  au<)  of  tbv  evil  ed'ix.-ts  of  i|pioruiicf 
on  the  otJ]er,  as  well  zs  liy  his  inuiitir  ctiriouty  and 
activity,  ho  is  constrained  to  make  original  investipitions. 
2ud.  Creative  power  in  not  vnuuhnufud  to  him.  He  cannot 
make  new  knowledge,  but  only  aequire  it  by  experience  ; 
and  evolve,  by  pr>jcv!«s<.ii  of  r<-a-soning,  ifcc,  from  the  fact* 
of  expeiietioe,  tJie  additional  and  more  hidden  truths  they 
implicitly  coiitnin.  3nl.  Ho  cannot  aoqiuro  liy  <-xpcrii-ncc, 
knowledge  of  things  which  cannot  exist ;  for  inrilance,  he 
isntMt  hiow  coutnulictions  or  impoadbilittee,  although  h« 
often  Mievta  tliem.  Th«  scientific  knowlvdgi^,  which  lie  in, 
orwill  be,p<irmitte(l  to  discover,  is  pre-ordained  and  entirely 
bejond  his  power  to  «lt«r.  -Itii.  Tim  truths  which  ho  may  J 
evolve  by  processes  of  reasoning,  &o,,  fnitn  the  facts  of  ex- 
perience, are  already  contained  in  tho«c  facts,  and  be  is 
totally  unable  to  alter  cither  thoir  kind  or  amount,  fith.  He 
can  only  think  correctly  in  accordance  with  th«  niles  of  logic» 
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and  in  obedience  to  tlif^  Uwk  of  nature,  iacliidtng  t)w«e 
of  lii#  own  organisation;  and  if  he  thinks  oUierwiae  ^a* 
be  often  does)  be  only  arrivi-ii  at  oonfiiBioD  or  error. 
6tfa.  Kvrn  the  period  at  which  he  may  di^xiver  new  know- 
ledge, in  almost  entirely  beyond  his  powtir  to  ooatro),,, 
because  the  ability  to  evolve  new  (lutbti  dependH  u} 
the  prior  possession  of  certain  other  tTuths,  which  may 
or  may  not  tiion  l)«  kuovm  to  him;  be  cannot  discover . 
truths  for  the  discovery  of  which  the  ndceesary  coodi'- 
tioQD  are  not  Fuffiuicntly  devclupod,  and  be  muiit  loiv 
Mttch  QiAcoverit-N  fur  future  fr«nerationii  to  accompliah.4 
7th.  As  he  cannot  determine  the  period  of  discovery  of 
new  truths,  the  oriler  of  such  tliseovcry  is  lu^y  bryond 
his  control,  and  he  muHt  be  willing  to  follow  where  nature  _ 
leads,  and  to  di^-over  in  the  assigned  route  that  which  it 
posdible  in  the  then  existing  state  of  seientifio  knowledg 
8th.  And  as  )ii«  tiit-ntul  evolution  and  material  well-l 
largely  depend  upon  the  development  of  new  »eifintifi< 
knowledge,  he  must  be  content  to  work  and  wait,  and 
evolve  bis  own  destiny  l>y  mi-anx  of  tb*;  nn«ontroUabl4 
spirit  of  activity  implanted  within  him,  which  he  mti 
satiefy,  and  cannot  suppre^. 
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CHAPTER  XVJl. 

ffTAIITIKa-rOtNTS   OP    umKAKCHES   AND    DISCOTBSIB3. 

TbR  actual  date  of  a  discovery,  especially  of  a  great  one,  is 
fWKiuently  indefinite,  a  discovery  being  rarely  made  all 
once.     Kxtsting  knowledge  and  new  idcax  form  tlie 
utarting-poiut  of  duwovery  ;  the  finding  of  one  truth 
depend!*  upon  the  previouii  discovery  of  another.    '  Atnp£ 
who  was  the  first  to  observe  the  rotation  of  a  mag;net  upcm' 
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iu  own  axis,  was  fed  to  it.  by  «  ouriou«  expcriinvnt  of 
Ssruy's  intcude^I  u>  point  out  the  action  of  angular  cur- 
toits.' '  Tliii  ^■:ii  di»cover}-  of  AinpiTt-,  of  the  mutuul 
at t motions  and  repulnons  of  electric  currentB,  led  to  his 
furtlktr  diMOv<-ry  of  llw;  mHthcmatical  law  of  their  artion 
ac«>rdiQg  to  distance.  The  diwovery  of  a  principle 
geoenUlf  follows  upou  that  of  some  of  the  facts  which  it ' 
co-ordinat«fl,  and  a  knowled^  of  thin  principle  oft«n  Inula 
to  the  di«:ov«rTy  of  nt'W  farts  which  flow  from  it.  The ' 
diicovery  1^  Gidvani  in  tho  y<iar  1791,  that  Iho  lirubs  of  a 
frog  wAre  oniiviil»e(l  wbijni  lie  eHtahlishcd  a  commiuiicatioa 
between  the  nervee  and  miiHclE»  by  means  of  metala, 
rauplvd  witli  the  fact  that  Du  VVrney  in  1700  knew 
that  thi^  limbs  of  a  frog  viere  oonvuUed  by  tho  action  of 
dectxicity,*  conduced  in  1793  to  the  discovciy  by  Volts  of 
voltaic  rltfCtricity,  which  in  lUt  turn  lod  to  th«  dinoovury  of 
many  new  phenomena  resulting  from  the  action  of  that  force 
on  different  twfcctanoeii.  An  flociimulation  of  k-Kxt-r  truths 
ripens  the  oonditionx  of  discovery  of  a  greater  one.  The 
dificorny  of  the  grest  taw  of  gravitation  was  brought  about 
in  thi*  way.  The  trulhn  i-volved  by  the  lalwura  of  \V"ren» 
Hooke,  llallcy,  Kepler,  and  lluygheDS,  ripened  tlie  condi- 
tiouK  of  Ncwton'.i  gniat  diwiovory.'  Evi-ry  age  of  mankind 
ba«  had  it*  own  particular  great  diseoveries,  which  were 
the  neceanry  result  of  the  nulnnd  cicteiifiioii  of  kiiowledgo 
to  a  particular  state  at  the  time ;  and  those  disco^'eriea 
could  not  have  been  made  at  a  mucli  earlier  period,  nor 
have  liet-n  much  longer  delayed,  liecautte,  like  distant  lights 
advancing  towards  us,  they  would  have  become  more  easily 
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perceived.  In  conseiitKinoe  of  thii>,  in  many  cases,  several 
pL'TSODs  hiivu  <li«covcTcd  the  same  truth  at  about  tbe 
time,  lia^'ioj^  been  led  1o  it  by  Himilar  circutimtaiiceii, 
iuBtJiDCf,  thv  discovery  of  oxygen  by  Priestley  and  Scl 
and  of  tlie  perturbations  of  tins  plaii<;t  Uniuus  by  At 
and  Le  Verrier ;  of  polarisation  of  light  in  liquids, 
Siet-l)eck  and  Hiot;  of  refraction  of  liglit  by  Gri-gory  and^ 
Willebrod  Soell ;  of  the  volumetric  composition  of  am^ 
monia  gas  by  Bc-rtboUet  and  Dr.  Austin  i  of  the  Lcyde 
jar  by  MuBchenbrock  and  Kleist;  of  the  metal  Thal- 
lium by  Crookes  niid  Lamy;  &a.  In  exempli  fi cation 
of  this  great  general  truth  it  haa  been  stated  tJiat,  ha 
\«wton  never  lived,  the  great  law  of  gravitation  wotdd 
have  been  discovered  at  a  period  not  much  htter  Chan 
was.  It  w  e%'idi;ut  also  that  experiments  requiring  paitt^ 
Gular  Riifastanoea  or  conditions  could  not  have  be«ii  mi 
before  those  substances  or  conditions  were  found.  Fo 
example,  tho^  which  could  only  be  made  by  the  aKdistane 
of  gutta-percha  or  voltaic  electricity  could  not  have 
mude  befort-  these  ugt'utB  were  koown. 

The  inreniion  of  the  telescope  was  the  starting-poinfcl 
of  great  astroiioiiiicul  discovery,  '  In  June  1 609,  it 
rumoured  in  Venice  that  an  artificer  in  Flandere 
presented  Count  Maurice  of  K'assau  an  eye-glass  so 
cunningly  contrived  that  it  made  ohji-cts  far  off  appeftr  as 
if  they  were  close  at  hand.  When  Galileo  heard  tlua,  he 
immedi»t<fly  retm-ned  to  Padua,  and,  afWr  liaving  thought 
uver  the  matter  for  a  day  and  a  night,  he  set  to  work  to 
moke  hi*  ti-It-Mciipe.  Wht-ii  it  was  known  in  Venice  that 
be  had  succeedLnl  in  constructing  the  enigmatical  mauhiue, 
he  was  invited  by  the  Venetian  Republic  to  present  them 
with  hi»  telescope  ;  he  complied  with  tJiis  request  on  tLe 
23rd  of  August,  1609,  and  dedicated  it  to  the  Doge.^ 
'  Then  the  Senate,  as  a  mark  of  appreciation,  by  a  de 
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of  the  25th  of  Aujjust,  1609,  vl«ct«d  him  a  Life  Irf«ttirer 
of  tile  Studio  of  PadiiiL,  at  the  saints  tiiati  granting  him  n 
proT)»ioD  of  one  thousand  florins  per  bdqiiid/  (ialileo, 
writinfif  to  Padre  Onusio  Omtwi,  a  Ji-siiit,  n-^THX'ting  the 
iav^mtion  of  the  telescope,  said  :  *  What  share  of  erftdil 
nwiybe  dtte  to  me  iii  tlu>  invention  of  ihiit  iii.-<tnimeut,  and 
whrther  I  can  reasonably  claim  it  as  my  offspring,  I 
expressed  some  timv  ago  in  my"  Awiso  Sidcreo,"  which  I 
wnjtv  in  Venice.  I  happened  to  be  there  when  the  news 
reached  that  a  Dutchman  liud  prcsciitccl  Count  Matiric« 
with  K  gla^  l>y  mi;aQj  of  which  things  far  nway  appeared 
jusrt  as  clesurly  as  if  thoy  were  quite  close  at  hand — nor 
wu  any  di^tail  whalerer  addml.  Upon  iicuriiig  tiiis,  I 
tvtuni<;d  to  Padua,  where  I  was  at  that  time  living,  and 
pondered  over  this  problem;  and  tho  first  night  ailer  my 
rttum  I  found  it  out.  The  following  day  I  made  the 
instrument.  After  that  I  iramcdiati-ly  set  to  work  to 
cottstnict  a  more  perfect  one,  which,  when  it  wax  com- 
plt-ltxl  six  days  afterwards,  I  took  to  Venice  ;  and  thero  »o 
preat  a  marvi.-!  attracted  the  attention  of  almost  alt  the 
principal  gentlemen  of  that  Republic.  Finally,  by  the 
B<ivice  of  one  of  my  dcan-«l  [introiin.  I  prMt-nted  it  to  the 
Prinoc  in  full  collcgie-  Tlie  gratitude  with  which  it  was 
rtc«jvMl  and  tlie  esteem  in  which  it  was  held  artt  proved 
by  the  ducal  letters,  wliicli  1  haw  yet  by  me,  since  tliey 
contain  tlie  vjcprt^ssion  of  his  Serene  llighneii^V  gt'Jicrosity 
in  confirming  me  for  Ufa  in  my  lectureship  in  the  Studio 
of  Padua,  with  double  the  payment  of  that  which  I  had  i 
prcvtoitfly  received,  which,  in  itB  turn,  wae  more  than 
three  times  what  any  of  my  predeoeMorti  had  enjoyed. 
Tbeeo  fiictx,  Signor  Sarsi,  did  not  take  place  in  a  for«st  or 
desert,  tbey occurred  in  VMiice ;  and  if  you  had  been  there, 
yoa  would  not  have  »imply  put  me  down  a.t  a  fost^tr-piircnt 
nf  the  invention.    But  perhaps  nime  one  may  tell  me  that 
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It  id  no  small  help  towards  the  discovery  or  solutioD  of 
an;  problem  to  be  first  of  ull  Jt^riitcd,  in  one  w»y  or 
another,  of  ttie  truth  of  its  ooncludon,  and  to  know  for 
cerUiin  that  it  is  not  an  imposdViUitj  thai  is  being  nought 
after;  and  that,  UiiTt-forv,  the  information  and  the  oer- 
taioty  that  the  tolescopd  bad  already  been  made  were  of 
such  use,  that,  without  them,  I  should  io  nil  probability 
never  have  inadf  the  dincovory.  To  thia  I  answer,  that 
the  help  given  me  by  the  informBtion  I  received  un- 
doubtt^dly  awoki;  in  me  (lift  determination  to  apply  my 
mind  to  this  ^ubj^ct,  and  without  it  1  should  very  likely 
never  have  turned  my  thouj^ht*  in  that  dirvctioD ; 
bedidi.'^  thin,  I  cannot  believe  that  the  notice  I  had  had 
could  in  any  way  render  the  invention  eodor.  I  say,  more- 
over, that  to  lind  the  Kolutioii  of  a  problfm,  already  thotigbt 
out  and  expressed,  requires  far  greater  genius  than  to 
dieeovcr  one  not  previrtUHly  thought  of;*  (?)  'for  in  tho 
latter  chance  can  play  a  great  part,  whilat  the  fonner  is 
entirely  the  work  of  R-awoniug.  Wc  know  that  the  Dutch- 
roan,  the  lirst  inventor  of  telesoopea,  wiia  dimply  a  comtnoo 
apectaclo-roaker,  who,  handling  by  chance  glasses  of  various 
kinds,  happoiipd,  ut  tlie  xame  moment,  to  look  through 
two,  the  one  concave,  the  other  convex,  placed  at  difff-rent 
distances  from  his  eyes,  and  in  this  wise  observed  the 
t^vct  which  fiillowed,  and  Ihun  invented  the  instlhiment ; 
but  I,  warned  by  the  aforesaid  notice,  came  to  the  same 
coDclu«ion  by  dint  of  reasoning,  and  since  thcrcKoning  is  by 
no  meana  difficult,  I  should  much  likft  to  lay  it  before  you.' 

'  This,  then,  wa«  my  rt^asoning :  this  instrument  irn 
either  conaut  of  one  glasR,  or  of  more  than  one ;  it  om) 
be  of  one  atone,  bcciiuse  its  tigtirc  must  be  either  concave 
or  convex  or  comprised  within  two   parallel  s<ip«r(ici», 
but  neither  of  these  shapes  alter  in  the  least  the  objects 
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true  that  the  concave  (^]iui9  dimini«}icii,  atid  ttiat  the  cod- 
vcx  tmv  increases  them ;  but  both  show  them  vet^-  iu- 
distinctly,  and  bence  ono  ghit*  is  not  iiiifHciciit  to  produce 
tbe  effiict-  P»«Mn^  on  t<i  two  glaaseA,  and  knou-inu;  ttiitt 
tbtt  glass  of  parallol  superficies  has  no  eflect  at  all,  1  con- 
ettMled  that  tbo  dcsiix^l  nxutt  could  not  [loii^ihlv  follow  by 
•d<iing  Ibiii  one  to  the  other  two.  i  therefore  restricted 
m;  experiments  to  combinations  of  the  other  two  glas^et; 
Bixl  I  taw  how  this  brought  me  to  the  result  1  desired. 
Such  vaa  the  pro^^re^s  of  my  discovery,  in  which  you  see 
uf  liHW  much  nvail  wsLt  tlie  knowledge  nf  the  truth  of  th« 
eooeludion.  But  Signor  Sur«i,  or  others,  believe  that  tbe 
certainty  of  the  ri^mlt  affords  gri--at  help  in  producing  it 
snd  nuTving  it  into  effect.  Let  them  read  history,  and 
they  will  tiod  that  Arcbit«s  made  a  dovo  that  cotdd  fly, 
■»]  that  Anrhitn<-drr«  made  a  niirnir  that  bamed  at  great 
diBtani:«s,  and  many  other  admirable  machinee.  Now,  by 
reasoniog  on  l)ii.':<c  things,  they  will  be  able  with  very 
little  truiihle,  and  with  very  great  honour  and  advantage, 
to  discover  their  construction ;  but  cren  if  they  do  not 
morced  Ihuy  will  derive  the  beneiit  of  being  able  to  cejrtify, 
for  (Jidr  own  satisfiuitkia,  that  that  case  of  fabrication 
which  they  had  prDtni»ed  tbemselvctt  from  the  pre-know- 
ledge  of  the  true  result  is  very  much  leas  than  what  they 
bad  imaginwl.'' 

Those  who  evolve  the  lesser  truths  which  enable  great 
minds  to  co-ordinate  tho«c  truths  and  discover  general 
pcilicipUM<,  are  usnally,  though  not  net<es»arily,  mindu  of 
leMer  capability.  Some  of  them  would  have  been  equally 
great.,  imd  would  have  discovt^red  thv  same  g^Uf  ral  tnilhi*, 
if  thn  condition.*  had  been  equally  ripe  for  their  dia- 
eowr^-     Oreat  ideas  usually  gcimiontc  in  greater  or  less 

'  CoofcMtiiMK.  Special  Loan  Collactlan,  Laodoii,  lilC  Addnsa^ 
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obftciirity  until  the  time  monies  for  proving  their  tnith 
The  lioiir  miirt  come  and  the  man  for  each  new  discovtrj. 
Sir  J.  Heisohd  ha*  oWivcd :   'The  greatest  (U$co7«] 
in  Ecienc«  cnn  do  no  more  than  accelerate  thv  process 
diacovCTv.' ' 

That  Newton'e  great  discovery  would  soon  hare 
made  appcam  proUible  when  we  eonwiclnr  w]iat<  jwinte 
knovledge  had  bct-n  nrrivcfJ  at  by  previoiie  iQveittig;aIo: 
TheArabiiin  philonophftrg  of  the  twelfth  ciMitury  oonsid 
pravity  to  be  a  force  acting  in  a  direction  towanln  thi 
centre  of  the  earth,  and  Icncw  thut  it  dlmiuished  wiih  (b 
dii«t»ncv,  but  thought  it  decreased  in  a  direct  nitio  with 
the  difitanoe.     Boullinud,  in  1645,  remarked,  respecting 
the  influence  of  gravity,  that  'if  attraction  cxi^t-,  it  itiU 
decrease  aa  the  square  of  the  distance.'     RorelU  aiito,  i 
16t»6,  maiutjiined  expn;n«ly  that  '  the  sntcllites  of  Jnpit 
and  of  Saturn  move  round  their  priuiary  planets  in 
iiame  manner  ax  the  Moon  does  round  the  Earth,  and  tba< 
they  all  revolve  round  the  Sun,  which  i«  tho  only  source 
liny  virtue,  and  tliat  tliis  virtue  attaches  them,  and  urn 
them  *o  that  they  cannot  recede  fnim  their   oent^'  ol 
action.'     And  Hooke.  in   1674,  said :  '  I  nhall  hereafter 
explain  a  sy>.t«in  uf  the  world  differing  in  many  particu 
from   any  yet   known,  answering  in   all    things  to  tbi 
ooromon  rulex  of  mechanical  motions.    This  depeodl 
three  BuppoBitions : — 1st.  That  all  celestial  bodii 
soever  have  an  attracting  or  gravitating  power  to 
their  own  centres,  whereby  they  attract  not  only 
own  pari.?,  and  keep  them  from  flying  from  them,  as  we 
may  observe  the  Earth  to  do,  but  that  they  also  do  ai 
ill!  the  other  celwt.i.il  bodies  that  are  within  the  sphere 
their  activity,  and  consiKiurntly  that  not  only  the  Sun 
and  Moon  have  an  influence  upon  the  body  and  motion 
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tlitf  Earth,  aart  tin*  Katih  upon  tbem,  but  that  Mercury, 
Vkuuh,  Msas,  Jupiter,  aud  Situru  uloo,  by  Uicir  attravtivL- 
\tovtTs,  have  a  «oiu>idi!ral)Ie  influence  tipnn  it^  motion, 
u  in  the  fame  manner  the  corresponding  attractive  power 
iif  Um?  Earth  hath  a  conudirrNbli;  influt^iK'i^^  upon  t-vury  onu 
of  their  iuotioD»  »!«>.  The  Sod  suppojiition  is  this: — 
thai  all  Widies  whatsoever  tlmt  an;  put  into  a  direct  and 
Bunptt!  motion  will  to  cuntiiiuo  to  mow  forward  iu  a 
stiaight  line  till  tlH^y  are  by  some  other  <:iffatuai  pow(>n 
drtBec-ted  and  ^cat  into  a  motion  describing  a  <!ircl«>, 
•^(Upeis,  or  fiomv  other  compounded  crurvc  liuc.  The  Srtl 
cupposilioQ  h : — that  tboee  uttmcting  powers  ar«  »o  much 
tin;  more  powerful  in  opf  ratinj^,  by  how  much  nearer  the 
body  wrought  upon  is  to  their  own  centres.  Noio  what 
(icwe  »everal  fUgrt«x  ans,  /  haw  not  yet  ttxpfirimifiHall;/ 
nrifif^l,  but  it  i*  u  notion  which,  if  fully  prosecuted,  aa  it 
•Mtghl  to  be,  will  mightily  assist  the  astronomers  \'t  reduce 
all  the  oeleetial  motions  to  a  certain  rule,  which  I  doubt 
will  never  W  dimi'  without  it.  H.-  that  understands  the 
nattire  of  the  circular  pendulum  and  circular  motion  will 
naily  undcmtand  the  whok-  of  this  principle,  and  will 
know  where  to  find  directions  in  nature  for  tlw  true  rtating 
thereof.  This  I  only  hint  at  present  to  such  as  have 
sbOity  and  opportunity  of  prosecuting  this  inquiry,  ood ' 
are  not  wanting  of  industry  for  observing  and  calculating, 
viahing  heartily  Mich  mny  Ix^  found,  having  myself  many 
otlier  things  in  hand  which  I  would  first  complete,  and 
tbereforu  cannot  eo  well  utk-iid  to  it.  But  this  I  do 
promise  llie  undertaker,  tlmt  he  will  find  all  the  great 
motions  of  the  world  to  be  influenced  by  tblt  princtpW, 
and  that  tlu-  lni<-  uudvrKtanding  thereof  will  be  the  true 
prrfectitin  of  astronomy.'' 

•  B*A  vb-Powall,  Sitf^  y  ^'iitvivt  J'hilatopliy,  p.  ICl. 
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The  oripin  of  many  important  dlMOTvries  lies  burie 
in  tbc  olwciirily  of  past  ages :  for  instAnce,  thaw  of  weigh 
light,  beat,  electricity,  magnetism,  chemical  action,  gold 
dilvcr,  mercury,  copjier,  iri>n,  lead,  tin,  bronxe,  xraaif 
of  gold,  sulplmr.  carlKin,  coal,  aephalte,  rock-oil,  vermilic 
oorroiiivfi  siiblimatc,  chldridfr  of  »ilvor,  lunar  cuiivtic, 
gar,  whit«  arsenic,  diamond,  precious  stones,  ealt,  nitr 
(ioda,  borax,  glass,  cjirthcnwarc,  ochre,  wood,  various  dyps, 
ink,  papi-r,  wino,  viwgar,  ntimerona  astronomionl  eJiji- 
coverics,  ant)  man;  others.  Itjany  discoveries  are  forced 
upon  us.  Human  beings,  even  in  tbw  very  oarliert  tiini^, 
must  have  discovered  the  existence  of  mechanical  force, 
the  eun,  moon,  and  stars,  the  oceiirrcDcc  of  day  nn<l 
night,  eclip^it.  the  seasons,  tides,  rain,  wind,  Ughtnii^, 
thunder,  earthquakes,  and  a  multitude  of  other  iamiliar 
phenomena. 

Great  discoveTiea  usually  shed  haloa  l>efore  theio, 
which  for  a  time  appear  mysterious.  The  question*  of  tli«~ 
globular  form  of  the  Karth,  and  of  the  jfOjc^ibility  of 
reaching  India  by  sailing  to  the  West,  were  great  mysterie*, 
Kfld  led  to  t\w  (iiscovcry  of  America,  In  quite  recent 
timoe  the  remarkable  lines  of  Frannhofer  were,  during 
raiiny  years,  also  a  great  enigma,  and  attracted  many 
Aminent  invertigatflrs  to  try  to  discover  their  meaning. 
WoUuttton,  in  1802,  was  the  first  to  observe  the  dark 
bands  in  the  solar  spectrum.  Frannhofer,  in  1815, 
measured  the  positions  of  many  of  them,  and  made  a  map 
of  more  than  six  hundred.  He  ai^o  examined  thr  light  of 
the  fixed  star*,  the  electric  spark,  a  candle,  &c.,aQd  found 
two  (Iiitig«,  viz...  that  the  *ame  kind  of  ligtit  always  gave 
tile  same  set  of  bands,  and  tliat  different  kinds  of  light 
gave  different  soix  of  baodx.  After  bim,  at  varions 
intervals,  numerous  invest ii^ators  examined  tariotti  parts 
of  the  subject ;  amongst  these  were  Herachel^  Brewster, 
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F.ii  Tallwt.  "W.  U.  Miller,  W.  A.  Miller,  JJiaper,  Stok-.-s, 
Sni.i,,  \Vltc«t»tiin«,  Van  tier  Willigen,  Milssoh,  Croolcci, 
sod  othurs.  In  1822,  the  prism  mui  flr>it  employed  by 
Brtrwrt^r  to  exumiDi;  coloured  flames.  In  182(1,  Fox 
TaUKjt  t'xainiiwil  "Uj  rafjinsi  nf  the  priMn  the  epoctra  of 
burning  salts,  and  proposed  the  prism  in  pla4:e  of  ordiniuy 
rhi-mionl  nnalyins  a»  a  me^nx  of  duU-cting  sukstunces.  In 
1832  Brewster  discovered  the  dark  ah^orption-baod*  pro- 
duoed  by  coloured  gai>P«.  In  1835  \^'heat£tone  examined 
Uir-  iipectm  of  mrioUH  highly  heati^  mctalii,  and  tays  he 
*  found  the  appearanocs  so  difl'erent,  that  by  this  mode  of 
Elimination  t]ie  nict-ilK  may  tw  ntndily  diittingtiished  from 
each  other.'  AngHtrora,  in  18.^.%  comparing  thi^  nolar 
epectrum  with  that  of  tlie  electric  arc,  said ; '  Kegardi^I  as 
»  nbolc,  llM-y  produce  the  impresvion  that  one  is  a  reveiw 
•tiaa  of  the  other.  I  am  therefore  convinced  that,  the 
explanation  of  the  dark  liiieti  in  the  folar  Epcctrnm  era- 
bncea  that  of  the  luminous  hnea  in  the  electric  .ipect  mm.' 
The  great  discover;  was  now  nt^r,  and  this  retnarkaUe 
prrdictt<m  waji  in  a  few  years  afterwards  <-ompli;tely  veri- 
fied. In  1857  Snan  dettct«d  as  small  a  quantity  as 
tl i ft ti mi  *'^  '^  grain  of  Midium  hy  means  of  spectrum 
UMlysii*.  And  finally  in  18.19  and  18(>0  Kirchoflf  and 
Bunsen  shovred  how  by  means  of  the  piism  the  compv 
ritioD  uf  lh(!  Una  and  otht^r  distant  luminous  Iwdics  might 
be  determined.  Since  then,  by  ibo  labours  of  Huggins, 
Lockyer,  W.  H.  Mill<tr,  Jnnnaen,  Thal^n,  Kuscoe,  8ec«fal, 
and  others,  the  disooveiy  has  been  extended  oo  as  to 
determine  tbc  compooition  of  «omc  of  the  fixed  sti>n<, 
eomuts,  and  di.'^tant  nebiilx ;  and  tire  new  elementary 
bodies,  viz.,  thalliiun  (by  Crookes),  rubidium  and  vwKium 
(by  Biffijien),  indium  (by  Keich  and  Riobter),  and  gallium 
(by  Boisbandran),  have  been  distwvered  by  the  same 
method. 

»2 
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Oersted's  great  discovery  of  eleotro-magnetinn,  mad 
in  the  year  1819,  wu«  uUo  proliimim^ij  in  u  »imil.-irnianii'-r] 
ft  bail  long  been  known  that  ligbtning,  bypassing  thraugl^ 
th«  magnetic  ii«oclIi-«  of  rfiip*'  m>nipa**i«,  dntroyed,  in 
jurr-d,  or  revoraed  their  polarity,  and  in  some  rare  instutc 
osilaed  thvia  to  point  cast  and  west  iostciid  of  north 
south ;  nnd  by  ):>a.'!King  through  st^el  kuivea  or  ntdsi,  tami 
iimee  made  them  stronKly  magnetic.  In  16rfi,  Grof 
a  iruutvr  of  a  Ai^h  obsrrvf^d  that  a  riolt-nt  thiinderetomi 
reversed  the  polarity  of  his  compaas-needles,'  About  ttw 
year  1777  Bt-i^curia  '  noticed  that  j»  nt-wllc  through  whicli 
he  had  sent  an  electric  shook,  bad  in  consequence  aei[uir 
a  euriou^  specie*  of  polnrity ;  for,  tnst<^  of  turning 
UHual  to  tht!  north  and  ^uiith,  it  usfiiincd  a  pi>)iitioT)  at  rigtl 
angles  to  this,  it»  two  enda  pointing  to  the  east  and  we«t^ 
Koma^iMi  al«>,  cthout  the  year  1805,  observed  that 
magiUitiBed  needle  'experiences  a  decliuittion  whilst  nndi-r 
tie  influence  ofa  voltaic  current ; '  and  about  the  same  time 
M.  Afojon  noticed  that  iinmagni-tiswl  needles  when  <>iil>- 
jected  to  such  a  ciirrent '  acquire  by  this  means  a  kind  of 
magnetic  polarity.'  * 

In  other  CBses.  the  starting-point  of  a  great  dt»coTe 
htut  lieen  an  nnxiibaUntinl  hypothesis ;  for  instance, 
hypothesis  of  Avo^dro,  that  equal  volumes  of  all 
contain  equal  ntimhers  of  moleculeii,  was  advanced  in  tli 
year  1811  with  but  little  evidence  to  support  it;  but 
important  discovery  made  by  Gay  l^tuiiac  in  the  year  l$l\ 
that  gaaes  combine   titgetber   in   simple   proportions 
volume,  largely  confirmed  it,  and  it  hiu  now  become 
important  fundamental  principle  of  physical  and  dieraioil 

L        '  JWstxjtIiimt  Tmnmfeuint  of  the  Ileyal  firirts,  I8T6,  p.  MI, 
r      *  B«ltM'»  *  TreatUiB  on  ICI«ciro-Ua(:iictixiii,'  p.  3,  in  Library  i/  Vtt- 
fnt  KnaM'Udgf.  Il«3:f. 

•  Stannel  da  GaSraaitiM.  pu  J.  liani  (Pari*.  IMi).  p.  ISO. 
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«cirace.  Before  tlie  time  of  Sir  Hiunplir.'  Duvy,  utno,  it 
■wv  Btufpfvl*^!  aitd  nteumcci  that  the  alkalies  were  com- 
prjURil  i<iilH<ijiDoe8  containing  metallic  Ihi^k;  but  it  wan 
sot  until  he  appli«l  an  extremely  powerful  voltaic  oiurent 
from  Hib  fgrtnt  luattcrj'  of  Ihc  Koyal  Institution  to 
tho«e  Auhstances,  that  (he  h}'pftt))eiiis  wan  proved  t» 
be  tnic.  and  the  invtulK  potu«$iiim  and  sodium  wore  6rst 
twInlKl. 

Even  Darwin's  theory  of  natural  selection  was  in  some 
degrw:  prelumined  in  a  ])aper '  On  aWotnan  of  tJic  White 
Race  whose  Skin  part  ly  resemhled  that  of  a  Negro,"  by  Or. 
W,  C.  Wilis,  Kin\  Ix'forii  tin-  Royal  Socit-ty  a*  early  us  thp 
ymr  1813.  He  remarks  that  ail  animaU  have  a  powvr,  ta 
a  certain  extent,  of  adapting  themselves  to  altered  circmn- 
ftonccB,  and  are  thereby  t Itenisielvi^  changed;  and  that 
famntirSr  by  eutyecting  animals  to  different  conditions,  and 
(electing  particidar  animitU,  improve  their  (ttock,  and  lie 
remarks  that  wliat  Lt  thus  effected  by  art  seems  to  be 
done  with  equal  efficiency,  though  slowly,  by  nature,  in 
thi'  formation  of  varieties  of  mankind  fitted  for  tlie  country 
which  they  inhabit. 

Of  the  accidental  varirties  of  man  wliich  woidd  occur 
MnoDgflt  the  first  few  and  scattered  inhabitants  of  Uie 
tniiidlc  regions  of  Africa,  mmc  one  would  be  better  fitted 
than  the  others  to  hear  the  diseases  nf  the  country.  Thix 
nee  would  consequently  multiply,  while  the  others  would 
decKSEe,  not  only  from  their  inability  to  KuMaln  the 
sttaclw  of  diwA^e,  but  from  their  incapacity  of  contending 
with  tlieir  more  vigorous  neighbour*.  The  colour  of  thiji 
vigorous  race,  I  lake  for  granted  from  what  has  lieeo 
already  eald,  wo\Ud  be  dark.  But  the  same  disposition 
(a  form  ^-arieties  rtill  existing,  a  darker  and  a  darker  race 
would  in  the  Dourtie  of  time  occur :  and  as  the  darkest 
would  be   the   best  fitted  for   the  climate,    this  wouki 
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at  longtb  become  the  iiio«t  preruirDt,  if  Dot  the  only  ne<s 
in  the  jiarliciilar  country  in  vhich  it  lutd  originuted.'  Hi.' 
theory  vas  ulso  in  »  i<li{;lit«r  dvgrcp  unticipatod  bjr  eotoe 
ob«!rvnI  ions  mtulc  by  Piilrick  Ma.tti«w  in  bis  IkkA  ob 
'  Timber  for  Ship  Uuilding,  and  the  Cultivation  of  Tree>,* 
puUijIicdiu  IbSI. 


CHAPTER  XVIII. 


CHROKOLOGICAL  ORDKU  ok  VISCOTISBT  A!il>  OF  WIKNCS. 


4b0  dEtooveiy  of  truth,  i»  tbe  development  of  mui'* 
;  pomr  &nd  privilc^r^,  c«ch  gencmtum  has  its  aaajgaed 
IMirt  1  >iiU  it  is  for  us  to  (■ndeuvuiir  to  perfomi  our  portion 
Uiifl  perpetual  tnak  of  oui-  Bi>cci06. — WuxWElX. 


As  the  possibility  of  making  any  paitjcular  di«oov<; 
depends  upon  the  fact  of  certain  othtr  discoveries  bavinj 
been  previously  made,  it  is  evident  that  tht:re  exi»t«  a  cbro-ji 
nologic.ll  order  of  discovery,  and  that  scientific  reMAic^H 
ctuinot  disclose  those  nnkuown  truths  whieli  depend  fo^^ 
their  birth  upon  our  acr|uaintance  with  otWrr  truths  not 
yet  known.  It  is  evident  also  that  the  evolution  of  ne 
fecta  and  law*  is  itself  controlled  by  law*.  After  eac 
great  discovery  or  series  of  discoveries  liaa  been  made  in 
particular  subject,  there  usually  occurs  a  lull  in  research  iu 
that  brunch  of  science,  chiefly  because  further  advance  in 
that  direction  is  prevented  1^  oiu:  ignorance  of  other  sub- 
jects besuriiig  u]>ou  it. 

■  HMickcl,  Ilittfry  <^  OvutliM,  vA.  I.  p^  190. 
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The  ch  ronolo(^<uLl  order  of  discover  v  is  from  tin;  wwy  to 
tbe  difficult,  from  the  livv  omplcx  and  aluUuct  to  Ihe 
mure  bo,  from  tlie  endcnt  to  the  olKieiiri>.  Td  aii  infiiiitu 
auttd  all  iJiinppt  arc  ncjually  oasy  of  compreheDEion,  and 
tbenfore  one  tnitb  is  not  e34enlLiUy  triorv  difficult  to 
andcntttad  llmii  uuolhi^r ;  but  the  human  mind,  by  iiieana 
of  wMcfa  all  our  diftcoverieii  are  ruudt;,  it  extremely  finite, 
and  the  dt-^jrw  of  t.'afic  or  difficulty  of  our  dLicoverinj^  new 
truttm  <li?{wti<|]t  ujxtii  till-  oxttrut  of  thut  power.  AU  our 
knovtedge  of  nature  is  based  upon  and  derived  from  ex- 
pericDcv  obtained  through  the  medium  of  our  senses  and 
(KToeptiTe  powers.  The  mind  ean  pi<roeive  dynamical 
pfaeoomens  m<HrD  readily  than  statical  ones,  because  tliey 
luhitiil  motion,  which  ^(-iles  additional  wnM.«.  It  can 
detect  large  things  more  easily  than  small  one«,  becaiiwe 
tbvT  produce  a  gr<^ter  offect  upon  our  perceptive  faculties ; 
beDoe  motioni)  of  masiWA  are  sooner  dlMovored  than  thow 
of  ntolecules.  It  can  unravel  less  complex  phenomena  with 
gn»t«r  toiK  tJian  morn  omplex  onet),  because  the  latter 
require  a  greater  ^'ariety  and  number  of  tm-iital  opera- 
tiaDs;  hmce  discovery  in  biology  follows  that  in  Ihe 
pUvKical  and  chemical  sciences.  We  utiually  discover  a 
tpialitative  fact  and  then  its  quantitative  variation,  but  if 
the  form«T  in  more  al»iru«e,  we  discover  it  by  the  aid  of 
previous  knowledge  of  the  latter;  thus  we  ulreudy  know 
tile  quantitative  proportions  in  which  the  various  forces 
axr.  «)nTcrt«d  into  each  other,  but  we  do  not  yet  know  the 
more  aljotruse  qualitative  truth,  viz.,  tbe  mode  or  way  in 
wbleb  that  change  it  effected  in  any  case. 

Fiilure  mearch  is  a:*  wide  as  tbe  univeme  of  existence 
and  thought,  and  boundless  as  tbe  universal  perigon  of 
truth  ;  and  in  the  relation  of  the  sciences  to  the  himian 
mind  determines  the  order  of  development  of  different 
nibjects,  all  things  cannot  be  evolved  at  once,  but  only  in 


184       OKSSKll.  CtHtDTTIOn  Or  SCIBKTIPIC  BESXABCB. 

»  prftonlniiiwi  manner.     Thnse  subjecta  which  are  dep*"!!- 
denv  for  their  (levclopmcnt  upon  the  previous  devclopmeQ 
nf  certain  (ithert,  will  havt;  lo  follow  ttnd  advance  wi 
tJiem. 

We   know   lluil,   tlie   fiiUowing  order   of  the    wnjpl 
Kciencea,  xiz.,  lo^c,  mathematics,  geometry',  meoltani 
light  and  hciit,  <.-k-ctricity  and  mitgnvtii^in.  chc-mical 
nity,  &£.,  is  approximately  that  in  which  each  succvudi 
Hcience  is  of  a  more  complex  character  than  the  precadJ 
one,  and  is  Ijasted  upon  it.     Tim*  logic  trmtsof  vxi»t4^^)cai,' 
but  not  of  their  quantities,  and  in   all   the   sueceedi 
scicnooH  our  rea»oiiing  miMt  be  conducted  aocordinff 
logical  rules.    The  science  of  mathematics  adds  to  the  idi 
of  sirnpiv  cxistcncp  the  geiicnil  imtions  of  number 
magnitude,  and  the  phenomena  of  all  the  sciences  whii 
follow  it  m;iy  bi?  quantitatively  considered.     Geometry  (a 
hmoch  of  mathematics)   introduot'a   tliv  additional   con- 
ditions of  epace  and  direction,  and  all  physical,  clteraiv: 
and    vital     phenomena     munt     (ii»     far    as     we    knov^ 
exist  in  space.     In  the  science  of  mechanics  art  cupi 
added  the  ideas  and  conditions  of  matter  and  motion 
and  we  first  obtain  by  it  the  notion  of  force,  both  static 
and  dynamic.     The  various  active  physical  powent,  includ- 
ing chi'raical  nftluity,  are  jilso  g'.'oeniUy  believed  to  ooagii 
of  different  modes  of  motion  of  the  moli-culcat  of  ma 
and,  if  so,  depend  upon  geometrical  and  mechanical  condii; 
tions.     We  know  also  tliat  tlio  mwlmnieal  principle,  t 
action  and  reaction  are  equal  and  contrary,  pervades 
the  following  licirULcs,  and  rules  the  various  actions  of  tl 
forces  of  physics  and  chemistry  ;  the  phyneal  forces  also, 
like  mccluinical  action,  lake  the  path  of  least  rej<islancc ; 
aUo  the  motion  of  the  molecules  in  the  phenomena  of     i 
wand  is  considered  to  he  vibratory,  of  light  and  h«(it  u*^| 
dulator}',  and  of  magnet  i»m  rotary.  None  of  the  phenomenal 
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various  phjrsical  nod  chomicul  forcvs  npjieur  tn  con- 
i  A  uMtthaninal  inte qiretation  of  Uiem.  •SoroetliiDg 
uuJoj^as  also  to  the  hjdroetatic  law  of  equal  distributioa 
of  pTVMKure  iM  exliitttted  among  men.  Each  man  t«nds  to 
recede  from  an  esoeas  of  pressure,  and  to  distribute  it  upon 
i,l>i»  tivin^ilwHiri'.  Tli«  notion  of  an  uiiivi-riial  etlier,  wliicb 
^kadai  ail  bodies  and  all  space,  is  Unt  introduced  as  a 
^Bt  of  H-icuov  in  tbo  subjects  of  light  and  h«Hl,  the  ether 
Ifaung  considered  to  lie  tJie  medium  by  which  ligbt,  radiant 
|lMat,4;)ectric  and  ma^etic  induction  an*  transmitted.  The 
farce*  of  light  and  lieat  are  aiKO  lesR  complex  than  tboi»e  of 
rlectricitv,  magnetism,  and  chemical  affinity.  Ligbt  and 
Ihoat  arc  single,  electricity  is  dual  and  polar,  ratiguvtism  is 
iof  two  kindi>,  pura  and  dia,  each  of  which  is  dual  and 
jpolar.  CUomical  affinity  is  also  dual ;  basic  affinity  requires 
leid  nffinity  to  enable  it  to  act.  Heat  may  be  produced 
bj  friction  of  different  partii  of  thi^  same  substance ;  bot 
electricity  requires  either  two  substances,  or  two  portions 
nf  lb*i  mtac  vulKttJUloe  in  different  wtatft*;  and  cbemioal 
affinity  nearly  always  requires  two,  and  sometimes  more 
nibstanoe*.  We  furtlicr  know  that  cliemical  plmnoinvna 
aeeenarily  include  and  are  governed  by  phy^cal  conditions, 
Iwt  pbysicat  pbenonrona  do  not  necessarily  include  cltcmical 
cnuiliUons;  and  tluit  vital  netionM  include  Ute  openitioD 
•f  all  the  physical  and  chemical  powers.  The  concrete 
«ciene«,  cryslallographT,  mineralogy,  geology,  mcteorolojQ-, 
botany,  xoolo^,  ic,  U:ing  each  composed  of  jiortions  of 
severul  of  tbe  Hiinpte  sciences,  do  not  belong  to  tbo  list, 
ami  tbi'ir  positionit  in  wich  a  series  are  more  difficult  to 
determine. 

From  these  aod  other  considerations,  based  upon  an 
iniiDen.'ie  tnimber  of  faot»,  we  have  gradually  uci)uired  tbe 
idea  of  Lhe  above  natural  orderofdepcudenoe  of  the  simple 
idenoee,  and  of  their  respective  foroee  and  phenomena. 
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From  thi<  onlrr  wo  have  furtber  acquired  t!ie  notion  that 
each  simple  sciencti  is  governed  not  only  bj  iU  wwn  la«-» 
aad  principk-it,  but  also  by  the  mvri:  general  of  tlioseof  all 
the  other  sciences  which  precede  it  in  the  series ;  and  cott 
M-qucutly  tbul  iumv  of  the  cbariictvrs  nud  iiiixltat  of  aetioi 
of  one  force  can  be  traced  in  the  pheoometia  of  all  tbej 
toiccccdiug  forces.     '  It  aeems  quit«  certain  that  «le«uicit; 
in  motion  in  heat.'' 

It  must  not  be  forgotten,  however,  that  discoveries 
made  botti  by  induction  and  deduction.     Tlii;  human  mind, 
po»segaing  a  knowli-dge  of  particuliir  itcientitic  truths,  can 
by  appropriate  and  different  methods,  advunwby  thvir  ai\ 
to  the  discovery  of  olluirs;  it  can  hy  induction  discoT«i 
their  cause  or  principle,  or  by  deduction  determine  thci: 
effectH ;  it  can  aI»o  ascertain  their  coiiicidiuices.     In  indi 
tion,  therefore,  tlie  discovery  of  a  tnith  is  dependent  u; 
the  prcvioiw  knowledge  of  particidar  instances  of  a  I 
general  kind ;  but,  in  d<.-diietion  the  diiicovery  of  particulac 
injttuncps  arises  from  previous  knowledge  of  the  princij^e 
which  governs  them.     The  simpler  sciences  are  in  this, 
way  developed  by  the  aid  of  the  more  compWx  one*  simi 
taneously  with  Uie  development  of  the  latter  by  the 
of  tbe  former.      The  chronological  order  of  disoovcry 
therefore  of  a  dual  character,  and  is  of  a  reverse  kind  in 
the  two  cases.     It  follows  also  from  this,  and  is  confirmotl 
by  a  great  variety  of  tacts,  that  tlic  discovery  of  new  truth) 
in  a  science  is  not  only  dependent  upon  the  prior  dcvelo| 
ment  of  certain  parts  of  the  simpler  science*,  hut  also 
the  more  complex  ones,  and  tliat  all  the  sciences  act 
react  upon  each  other  to  furtlicr  the  progress  of  discov< 
This  shows   that   liie   ])rinctple   of  action   and    reacti' 
operates  even  in  the  development  of  new  scientific  truth: 
In  actual  science  we  also  find  that  whilst  ttnder  one  set 
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cuoditintis  a  Bimpler  force  ia  resolved  into  a  more  complex 
one,  im<Jcr  ol\nT  t-irfumHtancwi  tlio  latt«r  is  ri-solvrd  in(o  I  Jib  ^ 
foniHT.  Fur  innUmw,  iu  tbcruio-elcclric  acliou  the  single 
Mtf-repellent  motion  of  beat  is  converted,  into  the  two 
motions  of  positive  aiul  negative  electricity,  «Dd  at  tbe 
■atoe  time  the  cwo  latter,  bv  reuniting,  reconstitute  heat, 
and  these  tvo  reverse  aetiotw  of  beat  and  elcdricity  are 
eqiiivalr-nL  Wiiil^t.  aUo  on  the  oat:  hand  all  the  physical 
and  chemical  powers  produce  heat,  beat  on  the  other  hand 
le  the  grvat  tourcc  of  physical  and  chemioul  power.  As  a 
furtbet  proof  that  the  development  of  the  simple  scicniws 
ii  dirpcndciit  upon  the  progress  of  the  more  I'xjiuplex  ones, 
it  may  be  remarked,  Utat  llif  kiiowlodgi^  we  at  present 
poewM  roqx-cting  the  molecular  structures  and  motions  in 
mtwlanced,  reganUxl  av  a  bans  for  forming;  a  mechanical 
tbeory  of  physics  and  chemistry,  has  been  chiefly  obtained 
by  the  atd  «f  methods  belonijinf;  to  the  more  complrx 
sciences  of  tight,  heat,  electricity,  magnetisoi,  and  che- 
mtitrr. 

Whilst  also  K^ieiitifie  diwovery  gives  rise  to  complex 
arts  and  miiuufactures,  the  latter  react  npon  science  to 
aatiA  dtMtA'ery.  ^  Think  of  the  immense  improvements  in 
instraments  for  the  mea.-iuremi'nt  of  ehxtric  charges  and 
tdeetric  currents,  such  as  electrometers  and  galvanometers, 
vbieh  have  been  eSpcted,  because  called  for,  by  the  recent 
eitensious  of  submarine  telegraphy.  It  is  uot  too  much 
to  tiiy  UiM  iJii;  instrument)!  now  employed,  and  which  were 
primarily  devised  for  pra<.-lical  telegraphic  purposes,  are 
bnodreds  of  times  more  sensitive,  as  well  a.-<  more  exact, 
and  therefore  more  uteful  for  purely  scientific  purposes, 
than  the  best  of  tho»e  whi(.'h  vere  in  xim  thirty  years  ago. 
Thus  it  b  that  a  development  of  science,  in  a  practical 
direetion,  leads  to  the  coustruotion  of  instruments  which 
have,  as  it  were,  a  retlei  action  on  the  develupuumt  of  the 
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pure  science  itM-lf.' '    Tliv  principle  of  ord«rl7  developmenl| 
from  the  erideot  to  the  obscure  in  abo  manifested  in  tli« 
orolutioa  of  inventions  and  arts  us  well  as  in  tliat  of  <li» 
coveries;  for  instance,  tlie  system  of  counterpoint  in  music 
was  not  developed  until  (Jic  sixteenth  century,  nor  the  : 
i)f  oR-hcMtration   iiiit.il    the   fighUM>DtL ;    and   the   art 
scientific  discovery  is  still  later. 

Without  attempting  to  diiicuss  the  extent  and  value  < 
the  evidence  in  support  of  such  a  logical  order,  it  ia  evid 
that  if  such  an  order  exists  it  must  greatly  affect  our  m<Mt 
general  virws  of  the  relationit  of  the  various  «:icnc«it, 
of  the  forces  of  which  they  treat.     If  also  this  view 
correct,  that  m'wt  of  the  general  principles  and  laws 
fach  science  in  tlie  series,  openite  in  a  more  or  Ism  modified ' 
form  in  all  the  succeeding  st-iencea,  a  knowledge  of  it  mutf 
afTord  us  some  idea  of  di>icnveries  yet  to  l>e  minle,  and  ■ 
fltitute  an  important  source  of  new  and  truthful  hypothc 
For  example,  if  the  general  principles  which  operate  in  I 
sciences  of  light  and  heat,  operate  also  in  tliose  of  electri- 
tity  and  magnetism,  we  may  expect  to  discover  soonex  «^j 
later  thiit  these  latter  forces  ar«  compound  aad  may  b^| 
decomposed,  also  that  they  possess  t-he  properties  of  radia- 
tion an<i  HlMiirptiou,  modified  and  disguised  by  other  cod^ 
ditions.    Tlie  theory  of '  electric  and  magnetic  images  : 
shadows '  siipp'jrte  this  hypothesis.     If  al^o  all  the  pr 
cipies  of  the  elementary  sciences  un^  but  simpler  forms  ■ 
those  of  the  more  complex  ones,  then  physiological  actic 
will  he  found  to  he  due  to  physical  and  chcmind  chauf 
The  present  state  of  physiological  knowledge  also  stroDg^ 
supports  this  view.  * 

'  IWl,  iiWirm/  Ailtanfvt  <•/  FKytifal  .Sttctiw,  p,  t. 

'  A  more  cxtcnulvo  cxpnillinncf  the  i;lir>'>iii>tojil<al  nMor  nJ  dl 
noVErjr,  kod  iJie  oondttiaiut  which  gnvi\m  It,  mity  U)  toatid  in 
PriiKiflM,  by  HcibcTl  Sponccr,  put  il.  cbapt«r  U 
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CHAPTER  XIX. 

UtUTITB   lurOBTASCK   OV   niFniEEM    RESEAItCirRS    AM) 

On  oT  thtt  oomiDonest  of  mistakeji  and  moKt  injurimiH  to 
AiOHiid  scieatific  judgmeat  is  neglecting  to  value  difFn- 
rMit  tnitlu  ucciirding  to  their  rvltttivv  iJcgrccs  of  intxiDsio 
tRi|M>rtaace.  It  i^  bovever,  often  ver;  difGctilt  to  isttiniate 
these  degrees  in  pure  scioDcc,  because  there  in  at  presait 
DO  fixoJ  jttiindard  of  their  valiiff. 

Our  cuQc«ptions  of  the  phenomena  of  Iho  univene 
IK  contiiiunllj  trainmeUcd  hy  our  personal  relations  to 
tfarm,  and  we  6nd  it  ditfieiilt  to  consider  tlirm  apart  from 
iHifMlvee.  Ercry  scivntitic  perKtn,  therefore,  adopts  a 
difl«T«Dt  Mtonilard  by  which  to  value  rvivr  trutb^  and 
vslimat«3  them  aocordin<;  to  the  relation  they  bear  to 
htmsL'lf,  hi»  oucupaiion,  and  htii  vk-vis  of  tiaturo;  and 
nearly  all  oommercial  persons  valtie  them  only  according 
to  the  amount  of  inimwiiiitt^'  pcinniianr  benefit  they  confer 
on  tbti  trailing  c>:)mmunity.  M(ii>t  perDons  nl-<i>  cuDi>idi;r 
practical  invention)?  to  be  of  greater  importance  than 
•betiact  discoTeriea;  but  such  iliflcoverie.4  uHU-ii  contiua 
firuitfol  truths  from  whitli  iniiny  inventions  spring ;  a«, 
for  instunw,  that  of  voltaic  electricity,  which  gave  rise  to 
dectro-plating,  and  that  of  electro-magnetism  which 
yitUded  \in:  fliitnc  Urlegrapb.  has*  than  fifty  years  ago  no 
extvnaivo  praetical  applications  of  electricity  wem  known, 
ectricity  it^lf  was  considered  to  be  only  a  philo- 
ieal  toy  ;  but  now  it»  great  value  in  tlie  Tclegmpli  and 
in  electro-plating  is  recognised  by  every  eivilised  person. 
The  discoveries  of  gutta-pvrvba,  india-rubber,  aw]  many 
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oUier  8ub)!tiu)<M»  liave  abo  gW^n  rise  to  a  multitudrt  of 
useful  applications. 

The  intritutie  value  of  ii  scientific  truth  largelj 
depentUi  upon  iU  total  amount  of  informative  power,  und 
as  each  truth  can  only  o^nlaia  a  definite  quantity,  it  pro. 
bahljr  poMt-jwcK  a  tittfinittt  valiiv.  The  total  nioount  of 
informative  power  contained  in  every  such  truth  eonsiirta 
of  two  parts,  viz.,  that  which  we  can  perceive,  and  tliat 
which  is  hiddim,  tbv  known  and  the  unknown;  and  one 
great  reason  why  we  are  so  littli^  able  to  doteriT)in4>  the 
iatrinaic  value  of  truths,  especially  of  ncwly-diacovered 
ones,  is  tiecrtUiie  the  propi>rtiou  wrapped  up  in  a  Intent 
state  and  incapable  of  being  appreciated,  is  an  indefinite 
amoiujt,  and  very  iniich  Irirj^cr  tliati  that  which  Is  manifest. 

The   apparent  value   of  a   scientific  tnith   dc|>end< 
upon  thciimount  of  iufonnativo  power  manifest  in  it; 
this  coutiniially  increases,  because  we  are  eniiViictl,  by 
application  of  knowledge  and  of  intellectual  prooeflMc, 
evolve  coulinually  more  knowledge  from  it.    For  laetanoe. 
when  the  first  fact  of  electro-magnetism  was  di»<;i>vercd, 
its  apparent   value   to  ordinary   pcrmns   was   eitremcl; 
8inall,  and  only  philoaophers  could  guess  that  it  was 
{jreat  intrinsic  worth,  ht'cuusc  they  atone  coidd  (>ercei 
that  it  implicitly  contained  great  stores  of  future  availa 
knowled);;c  in  a  latent  potential  state;   but  now  tiiat 
science  of  electro-magnetism  has  been   evolved  Irom  i 
and  it  has  bit>n  npplied  in  electric  telegraphs  and  othi 
ways  tist-fid  to  mankind,  even  ordinary  pcreon»  begin 
perceive  its  great  imptirtanoe. 

The  gnyiter  or  less  intrinsic  value  of  a  newly-discov 
trutJi  is  judged  of  by  its  nature.     If  we  adopt  as  tl: 
tiighest  standard  of  importance  that  which  conduceB  m 
to  the  progTcsTi  of  civilisation  and  tlie  happiness  of  maii- 
kiod,  the  most  important  discoveries  are  not  neceMani 
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tbos<;  vrhkh  will  ultiiniitfly  explain,  co-ordinate,  and 
include  Uie  grvat^t  rariety  and  nttmliftr  of  faol^  The 
diacovery  of  the  law  of  action  of  gravity  ie  generally  eon. 
6i<l«re«l  1)y  Ki'^nlitio  p1itl';Mo^h<'rs  lo  )i<irpus«  ull  others  in 
importance,  because  of  the  great  magnitude,  variHy,  and 
imiDense  Dumh«r  of  fact^  which  it  explains.  Adopting 
the  nbove  a«  a  8tAn<)ard,  we  may  reasonably  conclude  that 
the  discovery  of  a  new  force  is  intrinsically  more  important 
thau  that  of  any  law  or  mole  of  acrtion  of  that  force ;  and 
thai  of  »  new  elementary  substance  ie  more  important 
than  that  of  cither  of  it«  compounds;  also  that  the  dis- 
covery  of  a  general  principle  of  structure  or  action  of 
inaierial  sultfitanccs  is  of  greater  importance  than  that  of 
any  solitary  invtinco  of  it.  t'nraday  made  many  dis- 
eoTeries;  but  those  of  magneto-electric  indnction,  the 
relation  of  inagu^tixm  to  li){ht,  and  the  iinivcrKallly  of 
magnetic  action  are  considered  the  most  irofHirtant, 
l^oausc  they  oonsist  of  general  principles  governing  many 
pbcnomi^ua. 

The  discovery  of  a  new  general  relation  between  two 
forct^  i«  vtiy  important :  '  when  we  find  out  an  idwi  by 
nhcMe  intervention  we  discover  the  connection  of  two 
others,  thi*  i*  a  njvclation  of  God  to  iw  by  the  voice  of 
rwwon.'  Newton,  '  finding  out  intermediate  ideas,  that 
thawed  tlw  agreement  or  diitagreement  of  the  i<I«a^,  as 
expKMed  in  the  propositions  he  demonstrated,*  was  'led 
into  the  truth  and  (vrtaJnty  of  thoHc  propositions.'* 

Tlie  essential  reason  why  the  discovei-y  of  general 
principles  is  of  such  relatively  great  importance  is  because 
the  fundamental  faet^iand  principles  of  a  st-ience  implicitly 
ootilaia,  ia  a  latent  state,  all  the  minor  truths  which  ore 
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afterwards  evolred  from  Uiem  by  intcUectiial  pr 
The  miin  who  diBcovcre  a  (treat  scientific  trulb,  as  Oe< 
ducovcnKl  l)jo  ftindaniental  fact  of  electro-magoHism 
Karaday  found  that  of  ma^et<>-e!ectricity,  may  be 
siderod  to  have  rcnili^n-d  cotuparativelv  easy  the  discover 
of  all  the  suientific  knowledge  wrapped  up  in  it.  The 
man  also  who  discovers  a  fact  upon  which  is  aftenrards 
built  a  tnanufncturini;  proem*  may  be  similarly  eoDudendj 
to  have  Inid  t)ie  foundation,  and  thiu  nmdered  potttil; 
the  existence  and  development,  of  that  paxticular  pr 
invention ;  for  inttantK^  I  di^teovi^rvd  that  pho«phonis  ' 
decolourUcd  by  cbloriue,  and  rendered  pojsiblo  tbc  pr 
process  of  bleaching  pliosphorns  based  upon  it. 

Discoveries  of  gmat  general  pnnci]>lvs  are  important  -j 
also  bticiiiae  tbey  larj^ely  enable  US  to  predict  uvents  i 
to  foretell  the  probable  rfTix-t  of  proposed  new  expcrinionte? 
Men  of  science,  both  in  espeiimental  physics  and  cbenii»tr)', 
look  forwaid  to  the  time  when  those  sciences  thai],  like 
aatroDomy,  be  pinved  ii|ion  a  matliematictd  and  mechanical 
basi«!,  and  when  they  shall  be  able  to  predict  the  pheno- 
mena of  their  rfwpHctivK  xubjectit  by  means  of  geomt^ic 
and  mt^clianical  principles,  as  astronomers  can  in  the  ■ 
of  eclipses,  &c.  It  i»  piirLly  ihw  expeetjition  whi<'h  cau 
Buch  Krcat  interest  to  be  taken  by  M^teiitific  iaveetigalont 
in  discoveries  in  molecular  physics,  especially  tlioso  wbic 
reveal  t«  u«  new  principles  of  molecular  motion  or 
internal  structure  of  inaDimat<!  substances. 

The  more  complex  sciences,  and  particularly  the  con- 
crete ones,  are  more  liable  than  the  elementary  oae«  to 
yield  inconclusive  results,  becau^  of  tlic  greater  d^rec  of 
complexity  of  their  phenomena ;  it  is,  however,  alway* 
IMKisihIc  iu  every  science,  if  a  research  has  l>eea  carcfuUy 
made,  to  draw  from  it  conclusions  which  arc  proved  byi 
evidence.    Kesearches  which  yield  only  negative  reeult«l 
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■oiii«tim«8  ae  valuable  as  some  others  which  yieM 
"  i  ■*'■  ooof,  bccaufio  tbcy  enable  uh  fo  form  raluablo 
.  Lru>ns.  The  ilii(|ir<H>f  of  a  false  belief  or  Rii]>er- 
Mition  sometimes  conduces  aa  much  to  tlip  progress  of 
dvUisatioD  ami  the  wi-ll-lwiou  of  mankind  a*  tlii.^  «.«;«■- 
tkiament  of  a  new  truth.  In  important  ca^s,  even  result* 
which  only  enable  u*  to  form  a  probable  opinion  are,  in 
tht  absence  of  more  certain  knowledge,  of  great  value. 
h'uT  insUuice,  at  proeeot  wc  know  that  the  light  of  some 
of  the  whitest  and  brightest  of  Rtant,  »uch  as  Siriiu,  yi«lds 
ooIt  the  spectrum  of  hydrogen,  and  it  is  therefore  con- 
sidered prolnUu  by  eomu  iuvwliKator*  that  the  other 
dementATv  bodiee  formerly  present  have  been  decomposed 
by  tiw  iuleoH!  heat  into  that  primal  elemoiit;  and  as  none 
of  tjie  heavenly  bodies  yield  .«)>ectra  of  iodine,  bromine,  or 
cblorise,  it  is  furth^  oonsidered  probable  that  of  all  the 
elemeotarv  bodie«  tltoeo  arc  the  most  easily  decompfl»vd 
by  heat. 

Special  subjects  occasionally  acquire  a  temporary  and 
Gctilioua  decree  of  importance  in  consequence  of  having 
been  neglected  for  a  time  and  left  behind  in  the  stream  of 
hnman  pro^presc  By  being  thuji  neglected,  tliey  rctnrd, 
and  ultimately  «t«p,  the  progrHt«  of  some  of  the  more 
advanced  Hubjecta,  and  their  development  thus  becomes  a 
mat(i:r  of  neocmity  and  importance.  It  h,  however,  not 
the  subjecta  themnelves,  hut  their  dnvlopTnent,  that  is 
■Itered  in  importance.  The  intrinsic  value  of  (he  stibjocta 
mnaJns  Uik  same,  bocauiie  both  thci  quality  and  quantity 
of  the  knowledge  they  contain  is  unaltered. 
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KBLATIVX  FRRQtBSor  OT  BtFn»KHT  KIXDS    or    DISOOVBSIES. 

As  no  discovorp  can  be  mule  iintit  its  condUiimx  nre  npe, 
nnd  m  an  accumulation  of  lesser  truthH  is  it.<niaUy  requigito 
to  ripen  the  conditions  of  discovery  of  a  greater  one,  great 
difCovoricM  <uinnot  oft4tn  he  made.  The  relative  frequency 
of  different  kinds  of  discoveries  varies  goncniUy  as  their 
dHgrre»  of  intrinsic  importance.  In  evvrj  science,  sm 
faets  and  comparatively  unimportant  phenomena 
wbunHatit,  whikt  gi-ncrul  laws  and  prinripU-it  aro  but  few. 
The  diiicovery  of  a  new  force  is  even  much  more  rare  than 
that  of  a  general  principle;  no  really  n«w  force  has  bceb 
discovered  silica  tho^e  of  electricity  and  magneliiuo  in 
agee  past ;  the  nearest  approach  to  siicb  a  diftcovery  wa» 
that  of  cbeiniriii-idiwtricity,  by  Volut,  at  Ibc  end  of  Hie 
eighteenth  century.  As  the  great  general  relations  of 
forces  to  each  other  mii^  of  occesnty  be  more  nume- 
rous than  the  forces  themselves,  so  we  accordingly  find  the 
discoveries  of  such  relations  more  frequent.  Several, 
viz.,  clieniico-eleotric  and  electro-chemical  HCtion,then»o> 
electricity,  electro-ma^etism,  magneto-electricity,  &e^ 
have  all  )>e(-ii  found  within  the  la»t  one  hundred  J9m, 
Discoveries  of  simple  bodie<i  aUo  must,  of  neceamty  be 
much  less  frequent  than  those  of  their  compounds,  because 
each  simple  I'libsLince  is  cajiahle  of  forming  it  great  many 
combinations  with  other  simple  substances,  as  well  as 
additional  |>ermutation8  in  isomeric  compounds.  Since 
the  year  18(10,  only  about  thirty  elementary  SHl»ta»c«s 
have  been  fonnil,  but  during  that  tim«  many  hundred> 
(if  not  thousands)  of  compound  bodies  have  been  diK 
covered.      Discoveries   of  simple   existeocee,  whether  of 
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&ct9.  btcm,  coQditinns,  or  principlea,  rauet  in  every  ficienoe 
k  ancli  teffi  aum«rous  tliun  those  of  their  quantitutira 
nnitraax.  Tb(^  toort  c<un|>le3c  tlii»  nature  of  a  sciviwe, 
tin,  tbe  greater  must  be  the  number  of  truths  of  nUich  it 
i)  Mnposed  and  of  diMweriuf  vflfvctvd  in  liuding  tiicm. 
Il  if  dear,  Uien,  Uiat  ^eat  discoveiies  are  far  more  raru 
iod  tmlikelj  to  be  made  than  small  oDes, 


CHAPTER    XXI. 

on   UWEXTLACiBB  paKNOUESA. 

'It  U  well  known  to  chemists  that  of  lale  years  new 
tJeiDeiitary  bodivM,  dvw  intvre«ting  compounds  have  often 
leca  dtMcovered  in  residual  product^  in  ala^,  flue-ciii»t<*, 
aiMl  waste  of  rarioud  kinds.  In  likr  manner,  if  we  care- 
fully KnitiiiiHe  the  procemes)  either  of  ihe  laljoratory  or  of 
nature,  we  may  occasionally  detect  some  slight  anomaly, 
some  unanticiputtfd  plKnoiiicnuii  w)iich  wi.-  aiutiot  account 
for,  and  which,  were  received  theories  corteot  and  mfR- 
ei«nt,  ought  not  to  occur.  Such  residual  phenomena 
are  hint.*  which  may  lead  the  man  of  disi'ijilined  mind  and 
of  fiuiabed  manipulative  skill  to  the  discovery  of  new 
elenHintJ,  of  new  lawd,  poitidbly  even  of  new  foreM ;  upon 
undrilled  men  these  possibilities  are  simply  thrown  away. 
The  untniiuol  physioi«t  or  chemist  fails  to  catch  the 
■ugge«tive  glimpses.  If  they  appear  under  his  hands,  he 
iK&OTea  tbem  a«  tho  miners  of  old  did  the  ores,  cobalt  and 
nickel.  .  .  .  Thill  great  lesson — the  importance  of  residual 
pbeoomenon — must  bo  pronounced  of  the  highest  moment 
to  the  student,  and  intere^iting,  surely,  eveu  to  the  multi- 
tude.'' 

■  CtmIim,  '  AnothM  Leuon  from  tli«  Raulioinclcr.'  NinrlMiah  Cut- 
(«>T,jBly  tSTT.  p.  887. 
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^^  There  nlwnys  cxiot  many  known  phenomena  which  we 

^  cnniiot  cxgtlain ;   and  nmny  of  tbeae  must  remain  unex- 

^H  plained  until  science  is  farther  udvauced  in  other  depArt* 
mcnt».  Unexplained  phenomena  may  be  cUswed  into 
aui'iiiialoiiii,  exceptional,  coutxadidoiy,  extreme,  con- 
Bpicuaus,  residual,  &c.,  and  all  Uieae  kindx  are  tre> 
qiit-ntly  the  source  of  new  and  important  discoveries. 
Crookes's  discovery  of  tho  thermic  rcptil^ioD  of  bodies 
in  liighly  rarefied  gaseit  Ri-cyse  from  an  oboerration 
some  irregular  phenomena  whilst  weighing  bodies 
vacuo. 

Anomalous,  exceptional,  and  contradictory  phenomena 
ore  not  really  so,  but  only  appear  so  in  conM-quvncc  of 
our  ignorance ;   tliuy  are  i-xct-ptionii,  not  to  Ibe  laws  of 

E  nature,  but  only  to  our  imperfect  or  wrong  statemenU  of 
those  laws.  Contradictions  do  not  cxi.''t  in  njtturc,  but 
only  in  our  conceptions  of  it.  Truth  cannot  conflict  with 
truth.  A  law  of  nature  cunuot  (nil ;  it  always  ftdfils  itself, 
and  lta«  no  real  execptionn.  A  law  or  principle  is  not  real 
unlesii  it  is  true  in  all  cases ;  if  it  includes  exceptions,  it  h 
either  wrongly  given  or  ovcrstat^-d.  A  single  rcil  excep- 
tion will  overturn  the  strongept  theory;  for  injitanev,  tlie 
phenomena  of  optical  interference  overthrew  Newton's 
corpu-scular  theory  of  light,  Th«  fact,  however,  mtut  Iw 
proved  to  be  irreconcileahle,  because  it  may  be  onl; 
an  opposite  rvNiilt  of  the  very  law  itself,  as  the  risi 
of  a  cork  and  the  sinking  of  »  «tonR  in  water,  are 
each  rcEiUts  of  the  attr^iotion  of  the  earth;  or  it  may 
merely  a  case  of  some  interfvring  circumstanoe,  &c, 

LThe  greatest  truths  often  require  a  oompariiton  of  tlw 
grc«t**t  number  of  iustanws,  because  they  only  appear,  or 
are  forced  upon  our  atttmtion,  by  exceptional  c:u*cs,  and 
such  cases  are  usually  met  witli  only  during  tlie  exami- 
nation of  a  large  nnmlx-r  of  instances.     Id  nearly  eveiy 
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ntamw  research,  after  we  huve  drawn  all  the  conclufions 
llat  we  lire  al>!f,  tlicrr  roniiiiii  »  few  oiUstaudinp  wltp* 
'hiA  do  not  conform  to  any  of  the  general  tniths  we 
hare  found,  aod  whivh  al8o  we  omnot  rxpluin  by  them. 
Id  tbow  eiceptional  caseft,  an  tJiere  in  a  ditfcrenor  of 
n^-ult  fr>Hn  thut  in  tho  ordinary  ones,  there  muet  be  a 
mid  for  that  dilTeronce,  and  the  <-jiii«u  ntioiitd  he  dis- 
cotiTed. 

A  fiict  which  cannot  be  cKplainod  by  any  known 
lav  or  cause  is  probably  an  instance  of  the  operation  of 
mnc  new  law  or  causi;,  and  therefore  important.  A 
4D^e  exception  point*  to  tht^  i-xist^iicre  of  a  more  gcnprnl 
law ;  for  inatance,  the  expansion  of  water,  iron,  iodide  of 
rilvcr,  fuwlil^'  alloy,  Ac,  during  tlic  act  of  cooling,  at  pai^ 
ticular  tempera  lure:),  points  to  a  more  geneinl  law  than 
the  commonly-received  and  erroncously-gfated  supcrBcial 
Ooe«  *  all  bodies  expand  whilst  being  heated.'  The  more 
general  trutfaa  are  made  manifest  only  by  the  exceptional 
circunutanocs,  and  a  truth  of  tbe  moMt  general  kind  is 
unity  in  the  widest  diversity,  aad  is  one  which  is  capable 
of  harmonising  with  the  greatest  variety  of  phenomena. 
^AliiUt  investigating  the  electrical  relations  of  unequally 
heated  metals  in  liquids,  I  found  in  a  large  number  of 
OMi  flat.,  piovidixt  cliemical  action  and  all  oLh«r  inters 
teitaiceB  were  absent,  hot  platinum  was  negative  to  cold 
phitinum  in  »o1ulioDs  wliich  wt-rc  acid  to  test-paper,  and 
priaitive  in  those  which  were  alkaline,  and  I  therefore  con- 
cluded that  the  direction  of  the  elect rie-current  wa»  de- 
termined by  the  chemiad  jiature  of  the  liquid  ;  but  by 
examining  a  still  mure  extensive  numljer  of  liquids,  I  met 
with  a  few  decided  exceptions  (seleniouit  acid,  chrome- 
alum,  Ac.),  and  was  therefore  compelled  to  consider  the 
law  I  had  discioverwl  wa<  oidy  an  apparent  one,  and  to 
dniw  the  more  general  conclusion  tJiat  the  direction  of  the 
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eunreot  was  really  dirtermiDod  by  the  nMlccular  ntnictitrt 
of  the  liiiiiid. 

iiuperticial  explanations  often  appear  to  agree  with 
ortliniiry   iii^^laiicr*,  nncl   wo  aro  mmotiint^  tbiiH  ImI  to 
iniiilake  a  coincident  phenomenon  for  a  (xue  cau^  and 
explanatiou  (as  in  the  above  caso),  antil  an  exoeptional  or 
aoomidoiiit  instaiict;  t«  imtt  with  which  can  only  be  exphiin<^ 
by  means  of  a  wider  trutli  capable  of  including  both  the 
anomitlouM  us  well  as  the  ordinary  caiM^s ;   fiir  example,   j, 
previous  to  the  di!<eovi>ry  of  cei-lain  anomalous  cases  o^| 
the  effect  of  combined  pressure  and  htat  upon  tbc  boilin^^^ 
poinUt  of  liqiiidn  (tirst  olist^-rvnl  by   I!:in>n   Cagnianl  de 
I.atourj,  the  theory  of  definite  boiling  poiuta  sufficiently 
ttgri'wl  with  what  was  then  known  of  the  effect  of  hwit 
upon  liipiidsi;    but  an   investigation  of  Uio«e  anomalous 
in^anfes  led  Dr.  Andrews  t<i  the  important  discovery 
th»  continiiily  of  the  licguid  nnd  vaporotiM  states  of  matberi 

The  method  of  diiicnvering  exceptional  cases  is  aim 
eAough.      It  tixiially  consistd  in  exaiaining  a   sufficient 
variety  and  mimlier  of  InstimceK,  or,  in  other  wordi*,  v 
making  a  sufficiently  exhaustive  research,  and  it  is  onl 
tlie  great  amomit  of  labour  r«i|uir(-d  in  carrying  out  tJiii 
method  whicli  has  caused  the  discovery  of  anomalous  ani 
exceptional    insUiiices   to   be  appar^^utly   surronudud 
myst«ry.     If  we  make  a  sufficiently  exhaustive  research, 
we  are  in  many  cases  almost  certain  to   meet  with  an 
exceptional   in«lance.      As  also  the  iimall  proportion  of 
cases  in  which  we  are  able  to  predict  results  successfully 
proves   that    many   new   laws    proUibly   remain    undis- 
covered,' we   may  reasonably   expect  the  occasional  dii^ 
covery  of  anomalous  phenomena  and  entirely  now  laws. 

By  obaerviug  iu  what  nrspects  exceptional  cases  diffi 
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Um  ntuol  oaee,  ve  obtain  a  clue  t«  IJiu  more  g<^pral 
tnrth  iimdvisj ;  tliis  u  t-ffocU'tl  by  Bret  obtaining  a  suffi- 
mt  ouDiber  of  exoeptionii!  onrii,  chuwifying  them  acvord- 
Bigto  Umir  ^imilaritivt',  and  tti«n  making  the  comparison- 
fill  <»  iu  iuo«t  resiwirtlies  only  out-,  or  a  very  few  of  such 
nvluces,  are  met  with  at  first,  we  arrive  at  the  more  triw 
ftpluEtion  by  meuns  of  llic  indirevt  method  of  inferenn-, 
u,  by  ahowing  that  of  all  tliv  |iu»!ibl<i  fxpluaiitioDH  tlm 
<w  assigned  is  (he  only  one  which  agrees  with  all  the  cir- 
flButanoes.      If  th«-   vxccptional  cases  are  sufficient  ia 
Diunber,  they  may  even  tiieludc  a  xtill  more  cxtreptional 
iiutai>ce  which  cannot  be  accoimted  for  by  the  new  esplana- 
tii>n ;  and  in  lliat  e^xi-,  w<-  iina^nt;  an  additional  set  of 
hypotJieaet>,  and  test  them  in  a  aimilar  manner,  and  thiia 
arrivr  at  a  still  wider  law  or  principle ;  and  in   thin  way 
it  is  that  excqitume  of  the  exceptiont  dindo»«  the  mmt 
kidtien  towtitunu>,  and  are  eiijne  of  t!te  ijrcatejit  truths. 
Even  a  single  exception  may  thu«  prove  tlie  wtlstenc* 
of  a  more  general  law.      In  such  cases,  we  may  either  state 
thr  less  general  Initfa,  and  include  in  the  stalemeiit  nil  thv 
exoepticmB ;  or  we  may  state  the  more  general  one  which 
iDcIudes  the  flxceptioof.     Thus  we  may,  with  regard  to 
the  plicnomenon  of  the  expansion  of  bodim  by  heat,  either 
my,  all  bodies  expand  when  heated,  except  water  at  its 
frenciug  jMiinl ;  iodiile  of  ullver  at  300°  C. ;   fuuiblc  alloy 
St  a  particular  temperature,  fcc,  or  we  may  (if  we  are 
able)  state  the  molecular  condition   or   prtnciplo  which 
dvtenaines  the  result  in  all  tJie  instances, 

Exceptional  ca«is  are  often  only  apparently  so,  even  to 
our  imperfect  statements  of  law*.  In  eonsequt^ce  of  our 
ignorance  and  very  incomplete  insight,  many  Eacts  are  not 
tally  excepiioual  whioli  appear  ko.  Sometimw  they  arc 
only  extreme,  conspicuous,  or  peculiar  instances  of  the 
operation  of  known  laws.     In  other  csmb  they  are  merely 
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^F  rt'sults  of  an  uiiu^ial  comliinntirtn  of  knovfn  condilionH; 
^^  or  vhtty  are  merely  opposite  inEtaiicef.  S.*nie  apparent 
^H  exceptions,  )tlM>,  are  Uic  resultii  of  »n  xdclitioRoi  law  or 
^H  Cdiiilition  wliicb  interferes  :  others  seem  to  limit  or  even 
^H  contradict  a  known  luw  wlien  tboy  really  oontirm  it.' 
^H  In  order  to  determine  whether  an  apparently  excep- 

"  tional  case  is  «  real  one,  and  our  Blatement  of  lliv  law 
vhicb  governs  it  is  wrong,  we  iiBiially  require  to  make  an 
original  research.  If  something  remains  unespluiued 
which  w<!  cannot  possilily  rxpliiin  l>y  the  aid  of  our  prrsf  nl 
knowledge,  then  new  experinientB  and  observations  of  quite 
a  novel  kind  must  \k  made.  Many  really  exceptional  facti 
alwitys  eiiiat  for  us  to  inveRtigato,  and  stich  facts  always 
sliow  their  so-callt-d  governing  law  not  to  \nt  a  law  by 
contradicliug  it;  they  also  almiy«  indicate  the  exitit«nc 
of  a  new  law  or  of  a  wider  one. 

It  is  usually  more  intriiixiadly  important  to  discover, 
an  exceptional  phenomenon  than  a  conspicuous  one ; 
having  once  found  a  really  mtccptional  one,  tlic  next  ii 
jjortant  step  is  to  discover  a  c-oiispiciiotis  one  of  tJie  siindl 
kind.      An  extreme  or  oonspicuous  instance  is  of  gr^^t 
value  in  a  new  research;  because  by  yielding  a  powerful 
effect,  it  euahles  iia  to  investigate  more  clearly  ami  owiy.^ 
plctely  tJie  particular  phcoomenon  io  all  it«  detail ;  it  i^| 
also  ofl<'n  of  considerable  value  in  technical  applicatioti^^ 
of  the  di!<covery.  n 

Extreme  instance^  like   really   exceptional   oneo,  ar^| 
iittiially  also  discovered  only   by  means  of  extensive  oi^ 
pxhauslive  research;  i>,,  by  taking  such  a  large  number 
of  instances  us  to  be  certain  of  including  some  of  the  most 
oonapicuoai  ones.     The  employment  of  rare  subetances  ia 
often  a  likely  means  of  meeting  with  conspicuotia  d< 
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of  a  pbeoomenoa  stwh  as  would  onlj  be  oHtained  in  fceWe 
de^rcfl  with  ordiniUT  odw.  Our  vi«wn  of  chemistry  woiili) 
t«j  somowhal  mo<lif]ed,  if  instead  of  bo  frequently  operatini; 
upoD  comcDon  mnUTinl^  wc  more  fre<|ueully  worked  with 
rare  onett,  and  an  opening  for  diiicovery  eiiaU  in  thifl 
direction. 

Somf  of  the  jjroitwtt  of  (li«!ov<;rici»  havo  on^iiiat«*d  in 
the  detection  of  nliat  is  termed  '  residu&l  phenomena,'  or 
iiuniit«  frnrtione  of  HulistaDces  and  forcps  unaccounted  for. 
Il  is  clear  tliat  as  we  can  neither  oreAt«  nor  dt^trny  matter, 
out  of  100  pnrtA  of  substances  only  100  parts  can  we 
obtain ;  and  that  if  wc  gvi  only  95  purtu,  5  roinain  to  be 
sccoimted  for.  In  a  similar  way,  if  the  doctrine  of  con- 
fCTvnlioD  of  onergy  lie  true,  from  lOU  partu  of  caiutc  we 
(x^t  to  secure  100  partit  of  eifeirt,  and  if  we  obtain 
only  95,  five  remain  to  be  found.  The  .5  parte  in  thc»c  civit* 
eoDSiitiite  what  tuayheoiilled  n^^iihial  KuliKtanruii  and  reai- 
dnal  phenomena.  By  the  progresg  of  scientific  discovery  and 
exactitude  of  rc*yir<;h,  Huk  rt-sidiuil  amount  in  both  ca»c« 
hecomcH  gradually  rwliiwd,  firnt  to  1-0  jxt  oentT  then  to 
•I  per  c«nt.,  -Ol  per  cent. ;  -001  per  cent.,  or  some 
other  diminished  proportion ;  and  at  «iich  *tep  we  attain  a 
fcitowlcdg:e  of  new  substancoH  and  new  phenomena,  which 
mn  ustully  of  a  wider  and  wider  charactor,  and  morv  and 
more  remote  from  common  observation,  and  only  become 
^iparent  hy  the  gradually  increased  precision  of  our  know- 
ledge. Residual  phenomena  are  often  so  small  tliat  their 
very  ciistwicw  is  doubtful ;  and,  in  the  above  manner, 
small  t«sidnal  differences  are  more  intrinsically  important 
than  large  ones. 

A  nMidual  effect  led  to  tbe  discovery  of  the  planet 
Neptui>e.  It  was  found,  both  by  Adamn  and  lie  Verrier, 
tluit  afW  having  made  all  allowance  for  the  perturba- 
ticQ  of  Uranus  by  known  hoAiva  near  it,  a  certain,  but 
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small,  amoiiitt  of  disturbance  or  defleclion  still  reDUJnil 
which  ooitld  only  Ife  acomnted  fm  by  the  suf^kodtit 
of  eome  otlior  and  trnknown  body.  That  body  wu 
at  0D(^e  snti^ht  for  by  the  xid  of  tlte  telesoopc,  and  aoon 
afterwards  discovered,  and  proved  to  be  the  planet  wtuch. 
we  now  oiill  Nt'pliiiie.  Variuiu  otijrr  invutuoes  might 
given  of  the  discovery  of  new  and  important  phenomenal 
by  m«an8  of  n^^idiinl  difftTcDcct-,  cspofially  in  tht-  migoc 
of  astronomy.  Kt^iduaJ  difTttrence^  whiob  cannot 
accounted  tor  by  known  laws  or  principlee  are  eBpeciall] 
importnnt,  Wcati^c  t1ii*ir  cxplauution  rvqiurt-D  a  now  law  or 
principle.  The  explanation  of  resiidiial  phenomena  in  a 
concrete  science  sometimea  leads  to  the  discovery  of  new  i 
facta  and  principles  ia  the  simple  »eieiicet«. 


CHAPTER  XXir. 

FUKDAHKNTAL    lUFOKTANCB   OF   QrUJTATIVB   KKOITLKDOK. 

The  whole  of  the  truths  of  Hoience  may  be  conveoientlj 
viewed  as  being  of  two  classes,  vi^.,  those  of  simple  exist-" 
ence-,  or  qualitative  truths,  and  those  of  a  quautitati^'c 
character.      The  greatest  facts  in   science   are   those  ol 
the  simplest  exii^tcuce  of  time   and  space;   time  ia  tb«^ 
unavoidable  condition  of  all  mnteriul  exietvuc*!  vbcthcr 
qualitative   or  quantitative,  of  all   thouj^lit  and  action,M 
of  all  statical  and  dynamical  phenomena,  of  the  open-^| 
tion   of  all   scientitic    laws  and    principles,  and   of  UmH 
action  of  all  forces  and  substances.     Next  in  importance 
is  space.     Without  it  uo  malerial  substance  cau  exist, ■ 
DO  physical  action  occur,  and   no  experiment   be  madv/ 
Aa   all   things  are   evolvt.-d   iu   apparently  infiuite   tima^ 
sod  bouudlcFis  ^jiacc,  those  two  conditionit  arc  the  iromt 


eTRTrthii));,  cwn  qf  th«  great  lairs  of  cousistcncj  und 
of  iinttin.-. 

itive  trutJts  of  simple  existi^noe  are  the  very 
toiiiirion   of  scionoG^  aad  th«   nearest  npprouchiug  to 
itn^U)  of  any  tnitliH  ite  know.     A  rgtuititativt-  truth  is 
M  oM  of  (Ic^ce.     Id  a  qualitative  Kmee,  a  thing  mutit 
tnkr  Im  or  not  be ;  but  a  qualitative  idea  may  be  true  or 
nnRK  in  all  degrees  from  nothing  to  completencis.     In 
VKiitific  diKiiivitn',  whrtbvr  iu  phyKJCK  or  obnmiBtiy,  we 
■ually  oMertain  tiie  existence  of  a  thing,  even  though  we 
dD  not  Qntne  il,  Wfon:  w«  determine  its  amount.     The 
aethods  of  investigating  the  former  are  essentially  logical, 
ind   uf    the   latter,   both   arithmetical   and   logi«(l,   be- 
cause all  mathematical  retntoiiiTig  muxt  conform  to  logical 
■xiotos.     It  is  far  more  important  to  know  the  quiililatiw 
act  of  the  mode  or  way  in  which  tmnsformution  of  phyw 
ncal  energy  is  effected  than  even  lo  know  the  quantitative 
rqui^'iduit  of  that  action.     The  discoveiy  of  a  qunlit«tive 
fiict  leads  to  many  qni-stionK  rcHpocting  the  quantit-atire 
relntionti  of  that  foct ;  for  instance,  that  of  the  esistrnoe 
of  thallium  by  Crookw,  rubidium  and  cae«ium  by  Bun- 
bcd,  of  indiuin  by  Reich  and  Kichter,  and  of  gallium  1^ 
IbnsbAudnin,  led  to  the  question^  what  was  it«  atomic 
weight,  and  in  what  proportion:!  it  combined  with  each  of 
the  other  cl«m4»tary  substances,     llie  detection  of  dif* 
ference  or  likeness  of  the  thing  di»cov<;n'd,  by  compaiisoa 
with  thiugB  already  known,  is  also  laigely  dependent  upon 
quxlii^tlve  knowledge.      Every  now  discoverer  must  know 
many  qualitative  truths,  iuctuding  all  the  physical  and 
cfaf-inicol  forces,  their  characteristics,  chief  properties  and 
relations ;    all   the  el«iiH*ntJiry   rub»t!mce«,   and   a   great 
munher  of  their  compoimds,  and  the  chief  properties  of  all 
Uirae  bodief,  and  oftheir  actions  upon  each  other.    Newton, 
Karaday,  Volta,  Oent^d,  Davy,  Scbccle,  Priestley,  Bcritelius, 
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and  maay  other  able  invesUgator«,  were  gn«t  qualitative? 
disooverers. 

Od  iiiti  olhcT  liuud  qtiniititutivc  detvnniiiatiiHis  < 
onalile  uh  to  diBcovt^r  simple  exieteDcee,  and   to   an«i 
qualitative  queetions  or  those  of  simple  focL.    Quantitatll 
knowlfiigt-  rxwpuciinf;  the  action  of  gravity  cDablcd  Ncwto 
to  detect  that  force  in  distant  heavenly  bodies.     If  a  «ul 
stance  vem  found  po»M.-«sii)|;  ull  tJie  properties  of  | 
•jum,  exct-pt  its  ooiiibiuing  proportion,  the  knowk-dge  i 
that  quantitative  fact  alone  would  disclose  to  lis  the  exis 
«iicc  of  a  iit-w  metal ;  the  dincovery  of  the  inetal  e3(«iu] 
¥ras  nearly  niade  by  Plattner  in  a  similar  way.'     By  iiii: 
of  quuDtilntive  knuwlodgc  of  the  knovm  chomical  elementti, 
Henddjeetf  has  recently  predicted  the  probalile  exieteE 
of  new  dcmcrntary  substances,  one  of  which  (gallium) 
already  been  found.'     Knowledge  of  the  atomic  and  nwle 
oular  weights  and  specilic  gravities  of  substances  of 
suggests  new  i|uitlitative  ideas  of  similarity  or  differed 
ill  iho^  bodies,  and  enables  us  to  determine  (lie  elates  1 
i^wfaich  they  belong.     In  these  and  otlii^r  ways,  qualitatil 
■nd  quantitative  knowledge  act  and  react  upon  each  otli 
and  aid  each  other's  development. 


CHAPTER   XXlir. 

s)x:kssitt  ahd  valdb  or  chMssivTiiTia  sciE^mrtc  Tmrnu.! 

Cl*S*1FICATI0S  of  tdeiw  in  very  imjiorljint,  because  it 
tically  affirms  and  exbibite  general  rriitbi*,  und  rende 
knowledge  more  attuiimhle  and  manageable.  A  genei 
oocliisioii  r«pecting  :i  t-law  of  truths  contains  and 
eys  to  us  as  much  information  on  a  partii'iilar  point  sib  , 

•  Sv.f:  ChmtimU  Xnrt,  vol.  is.  p,  311. 
'  Jtid.  Ha.  VXt,  Dec  IGTS. 
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tbe  truths  wparatcly  cnumi-ratcd,  and  thus  enabloe  us 
ta  tHiuk  of  aoi)  r<'tiit^utber  m  uik^  iDgtonL-e  «n  UDllmitcd 
number  of  atmiUr  fecte  at  onoe.  The  number  of  scientific 
inilltx  ulrt^aiJy  known  i*  so  vast  thot,  witbout  tliv  did  of 
cb-v^itiratioi),  each  pc-rwn  could  only  bo  able  to  mailer  a 
mrre  fraction  of  the  knowledge  wliich  be  ia  now  enabled 
to  aoqnJrtt.  Memory  acts  largely  by  a^woialion ;  if  know-i 
led^  is  classified  and  systematuted,  one  idea,  by  beinra 
iatelli^bly  linked  to  another,  U  more  oCTi^-tUAlly  held  fflitj 
in  the  mind.  The  nu-reat  glanoe  at  a  system  of  tnith.* 
in  tbv  m<-mory  would  recall  into  couNcious  perc-eption  all 
it4t  d«H»ib,  ad  the  rvnimilminve  of  a  leaf  recalls  the  piino* 
muic  idea  of  all  the  parta  of  a  tree.  In  this  way  tbe 
limilJi  of  c'litMiificutiun  control  thoHo  of  our  power  of 
I       aotfuiring  a  knowledge  of  science.  J 

Bui  tK  must  remember  that  most  of  our  sysleme  on 
olatwiBcaliun  are  ortilicJal,  and  without  diHtiiict  lines  of 
demarcation.     Being  ba§ed  npon  limited  knowledge,  they 
have  Ix^-n  formed  upon  apparent  nitLc-r  than  iipou  real, 
fimilarit  it>H  and  diffen-nceti ;   and  tliey  are  to  our  mindll 
but  arli6c-ial  aids,  like  crutches  to  cripples.     In  conse- 
quence of  their  oonventlonal  nature,  m-arly  the  wholo  of' 
them  have  been  broken  down  and  swept  away  by  thq 
dewlupraent  of  more  extensive  and  accimite  knowled, 
Tlw  division  between  lolids  and  liipiidit  was  destroyed 
thi*  disi-ovcry  of  the  facta  that  some  bodiee  were  semi- 
lluid,  and  that  various  solid  xubstanoes  paKii  through  every 
intermediate  degree  of  fluidity,  from  iiolid  to  liquid,  by 
gradual  rise  of  tcinporaturc.     That  betwrau  liquids  and 
I      gAMH  waa  obliterated  chiefly  by  the  discovery  of  the  oon- 
I      tinuity  of  the  liquid  and  gaseous  ntates,  and  that  between 
I      metals  aiu)  nou-nit^tallii;  elementary   subntanc^tn,  t)y   the 
I      discovery  of  selenium,  tellurium,  boron,  silicon,  arsenic, 
I     CMmiuin,  &c     Tlie  division  between  conductors  and  non- 
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condiirtora  of  Jwat  and  of  el<»ctricity,  yn*  wt  BJ^idt* 
the  discuvcrios  that  all  eubetances  aught  be  aminga 
in  cmilinuoiu  Kerie«  vithout  a  break,  from  the 
pprfect  conductor  to  the  most  ootnplete  iioii>c(>ndiict'>r] 
and  tlinl  iMii.wefii  p<tailivc  kikI  ovgutivc  electric  bodie 
and  between  acida  and  basee,  vaa  removed  Id  a  aimil 
uiaiiii«r.  Tliat  brtweeo  cnmbii>tibltw  and  supfxntera 
coinbuirtioD  has  also  bern  destroy ed.  Tliut  beti 
organic  and  inorfranic  substances  was  obliterated  by  t) 
diKcovcrv  of  (In*  jiviitbe?ii«  of  varioiii'  organic  cotni 
from  inorganic  materials ;  that  between  anJtnala 
ve^tables,  by  thv  finding  of  various  living  creature 
KiK'b  iiK  .s]>onge!<,  fungi,  &c.,  posseaaing  Vxitb  t]tc  characl^ro' 
of  animala  and  vvgctabli.'*.  Even  the  division  between 
animatv  and  inaoiroate  U  rapidly  di«api>«!<iriag ;  all  bodies 
liring  influenced  by  forces  which  change  tfaem^  which  idttr 
their  etmcturi.-,  which  ditfiTcJitiaU-  them  into  new  tnembcrt, 
new  fonnSf  or  new  compounds,  or  which  dinint^'grute  or 
n?new  them  ;  even  crystald,  a«  well  as  vegetables  aud 
auimaK  gn>w  by  natural  selection  and  accretion,  and 
are  aUo  subject  to  abnormal  formations ;  and  thr  action 
of  any  force  in  any  siibittance  may  bo  regarded  a«  a 
fipcci«!>  of  animation,  vitality,  or  life.  Th«re  iw  also  nu 
definite  line  which  »c{Kimtc«  vital  6rom  mental  action. 
In  all  depart ini-ntH  of  natural  knowledge  we  are  fart 
being  driven  towards  an  universal  system  of  uitbrokeo 
MricH  of  existences. 

The  claitHifjing  of  knowledge  i«  a  mental  operation, 
involving  tlie  comparison,  selection,  and  p^^rmutation  of 
ideas;  it  is  also  a  logical  procr-M  depending  upon  tbr 
fun<lainttntal  conceptions  of  identity  and  dilTercace.  In 
chuuifying  idea"  we  fix  our  attention  Upon  and  abstract 
the  similarity  alone,  and  mentally  disregard  all  otjier 
circumstancsE,  whether  connected  with  it  or  oot.    The 
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pfactice  of  clasHiRaition  aloo  rcucbt  npoD  und  strpn^benB 
tke  po«rors  iif  atU-ntii>n,  almtraction,  And  cniiliiiuoitjt 
UiOl^bt,  because  it  leads  to  the  farmalion  of  general  con- 
c^'ptioDs,  in  which  ideai)  are  connected  logtthor  by  ttivir 
Batura]  relations  and  sinularitiee. 

New  clamGcatimiF  gciieralty  rcqtiire  new  knowledge, 
llierefwre  in  onginal  research  we  are  nearly  alwayR  obliged 
to  employ  the  clas»i<i(VktioDs  wbieb  already  exist.  We 
rmiiliy  fitiiting  claMificatiiinii  for  llm  piirponc  of  miggcst- 
ing  new  hypotheses,  and  for  testing  those  we  havej 
ima^ini^l ;  wc  also  uw  tbem  to  aid  us  in  dotcoting  »imi- 
laritieit  and  diSerenoes,  and  in  finding  cautteH  and  ntber 
reUtione  of  phooomf oa.  On  much  less  frequent  occasions 
WB  cbAaify  existing  knowledge  in  varioin  ways  to  raise 
new  questions,  or  we  classify  it  in  upecial  wap  to  ascertain 
If  it  Fiipportu  a  particular  by]>»lh«-«i«.  If  our  object  ia 
to  obtain  the  most  pbitoHopbical  view  of  xcience,  and  that 
most  condiu-ivv  to  diKN>vcry,  wc  rboidd  classify  scientifio 
truibit,  not  necessarily  according  to  their  appan^nt  or 
moet  obriotu  Himilttritii-s,  but  according  to  their  most 
iatrioatc  and  essential  on«s,  »u  far  ax  t!ie'«^  arc  knnwn. 

ClasnilicatioD  of  knowledge  leads  to  diacovery,  becaiute 
it  iwtnetimcB  piiiji  unreco^niw-d  general  truths  before  us 
in  such  a  form  that  we  can  perceive  them;  for  instance, 
by  arranging  the  elementary  substances  in  tbe  order  of 
tbt;  relative  number  of  atoms  <;ontatned  in  a  given  volume 
of  each,  it  was  found  that  those  containing  tbe  mort 
e)oMly-packi;d  alomH  were^  iu  n^rly  all  oifes,  the  mosti 
panuuagnetie,  and  thov  in  which  the  atomM  are  fiirthcut ' 
apart  were  the  most  diamngnetic.  A  new  dUcovery, 
ihcrefoTc,  it  sometimes  dieclosed  and  representt^  by 
mean<  of  cIas»i6cation. 

At  otJier  times  we  classify  new  re^ult^  for  the  purpose 
of  dtacorering  their  caiue  or  rt-lutions.     As  some  orders  of 
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clafiaifiration  vill  bent  enable  us  to  draw  particiiUr  coi 
I'luMQOi^,  atid   otlieni  to  draw  different   ones,  in  sn   ex< 
liauattve  rctu^arch  we  claRiiiCy  the  Rubntiinces,  phcnomeQa, 
or  results,  not  only  according  to  thoir  moat  intrinsic  or 
fuudainMitul  oliaratfli-iv  m   far   as  tliese  arc  knowo,  bi 
in   every   poB»ihle   way   that   occum  to  itfi,   in  order  1 
vxtrutrt  from  the  new  duta  the  utmost  amount  of  ne 
knovrled)^. 

ClatsificatioD  !b  not  only  a  means  of  discovery,  bii 
one  of  the  effects  of  scientific  proji^M.  Science  is  con- 
tinually flimplifyiiij;  our  knowledge  and  placing  it  more 
at  our  eomtnand,  by  claseitying  truths  under  the  headiogx 
of  diffcriiut  <uiu»e*  and  rt-Utions.  Truths  of  ft~it'ncff  can 
only  be  claesitied  in  ptoportion  as  they  are  known,  and  tliit' 
perfection  of  classificaliou  de]>cnd«  upon  tlio  extent  of  O' 
knowledge.  The  most  perfectly  philosophical  otaiisiG 
tion  of  scientific  truths  can  only  be  made  when  tJte  m< 
eKfcutial  and  fundamental  characters  of  them  are  dis- 
covered, and  these  are  probably  the  most  difficult  to  find, 
and  doubtlcH!  will  be  nearly  the  la^it  to  bo  evolved. 

CluKKifi cation  and  diHcovery  of  scientific  truths  mutu< 
ally  act  and  react  to  further  each  other's  progress.  W 
we  di»cover  a  new  truth,  it  is  almost  always  one  of 
already  known,  and  we  at  once  add  it  to  that  class, 
thereby  render  the  new  truth  more  lit  to  assist  men 
progrt^sK  and  future  discovery :  and  when  it  is  not  of 
class  already  known,  we  form  a  new  class  for  it.  If 
discover  a  new  substance,  we  naturally  expect  to  find  i 
more  or  less  similar  to  each  member  of  the  class  to  wbioi 
it  belongs  ;  for  instance,  if  we  find  a  new  alkali-metal, 
exp<rct  to  find  its  carbonate  undecomposable  by  heat,  and 
so  on. 

A  chemical  investigator  requires  not  only  to  clasrify 
bis  knowledge,  but  aleo  to  arrange  his  substances  B7sl«nis- 
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tically.  In  Ibia  case  the  object  is  to  place  tltem  in  that 
order  in  whicfa  cmcli  xtibKbtncv  cnu  liuvc  ouly  one  proper 
place,  and  in  which  it  can  lie  most  easily  t'ouiid.  Must 
plana  of  armngiDg  them  have  the  disadvantage  of  afford- 
ing several  plitcat  in  the  wriea  in  which  a  .-dnglf  mibstance 
might,  with  nearly  ecinal  consiiiteDcy,  be  placed,  and 
tbercfon  making  it  uncvrtaiu  in  which  of  those  it  may 
be  found ;  but  an  order,  tdmilar  in  principle  to  that 
adopted  in  the  inorj^nic  portion  of  the  celebrated  work 
on  cbeuiiHtry,  by  Leopold  (rint-Un,  obviat<-H  thnt  diMiid- 
rantage.  It  is  more  difficult  to  classify  bodies  in  the 
concrete  sciences  Uiaa  io  the  )>Itnplc  oik's,  because  ench 
nude  of  elassification  is  of  nearly  equal  iicientiiic  im- 
parlance. 

As  classi&cation  is  of  such  great  value,  the  con^pletioit 
of  the  various  tables  of  corurtautji  in  C4ich  of  the  pliysical 
fcience«  and  chemistry  would  be  an  important  advance. 
Ad  iiDDicuM;  amount  of  orij^inal  invetitigntion  remains  to 
lie  made  in  this  direction.  1'he  subject  of  cliUKiGcation 
is  ably  treated  in  Whewell's  '  Philosophy  of  tlie  Inductive 
Sciences,'  Book  VIII.  p.  449. 


CHAPTER  XXIV. 
Tumcnrus  or  scibrtu'iu  iiksmbch. 


NoTWiTTiSTAXniso  the  vast  amount  of  knowledge  whioli^j 
remains  to  be  discovered,  it  is  extremely  diRicuk  to  find  : 
MicntiRc  truth  which  is  both  new  and  important.    One 
great  difficulty  eonsiiits  in  selecting  a  good  subject  for 
investigation.     Many  researchcB  are   difficult   in  conse- 
qoeooe  of  their  abstruxeaesti,  and  others  on  account   of 
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tbeir  complexity:  and  manj  a]«o  in  consequence  of  the 
number  of  inlvrfering  circumBtanut^  which  cannot  Iw 
ejcoluded ;  the  latter  is  particularly  iho  case  in  experimenta 
upon  living  structujres.  Many  uru  difficult  in  cousequeace 
of  cxtraiKwuK  circumisI.tiiceK,  such  a»  rarity  of  llic  rt-quint* 
Bubstancea  or  condiUona  necessary  for  the  experiments  or 
observations ;  Komc  through  »Iowiic«:*  of  procc^  or  great 
leng^th  of  time  required  ;  some  owing  to  great  magnitude 
or  cost ;  otbers  in  consequvuce  of  minuteness  of  the  aub- 
■tanocs,  or  feebleness  of  the  actions,  the  want  of  powerful 
and  delicate  Instmments,  or  tests,  &c 

The  difficulties  of  research  ori^e  laig^y  {rem  our 
ignorance.  Many  of  the  phenomena  we  are  acquainted 
with  and  which  seem  rare,  arc  probably  only  the  more 
conHpicuouH  inntances  of  common  effects.  A  vasit  number 
of  phenomena  continually  before  us  are  tinnoticed,  owing 
to  tbeir  excessive  smallness  of  amount,  extreme  slowness 
of  aotion,  Ac.  We  are  as  yet  acquainted  only  »-itb  ibe 
comparatively  common  and  more  con^cuous  pbenomena 
of  matter,  the  atnicturea  and  actions  of  iiuiwes  ;  and  an; 
almost  entirely  unacquainted  with  the  actual  !>ixe»,  fonaS) 
positions,  weights,  and  direction»'  of  movcmi_-nt,  of  the 
molecules  of  the  substances  we  use ;  and  as  tJie  ijhenomeoa 
of  masses  are  but  collective  results  of  those  of  the  mole- 
ctdes,  uud  ii^  tho»e  molecules  arc  all  of  them  often  pro- 
foundly disturbed  by  every  change  of  mech&nical  force, 
light,  heat^  electricity,  ma^nietisra,  or  chemical  power, 
and  some  of  tJiese  forces  are  always  acting  upon  them, 
it  is  evident  we  continually  operate  in  almost  complete 
ignorance  of  some  of  the  moat  fuudiunental  conditions  of 
our  experiments. 

Wo  occupy,  as  human  beings  on  tins  globe,  the  position 
of  creatures  of  almost  infinitely  feeble  power,  helplessly 
sabject  to  the  inQuence  of  an  immense  number  of  circum- 
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aUi>c««  of  wlitch  we  are  igoorant,  believing  a  vast  amount 
of  error  &i>d  contradiction,  surroundvd  on  nil  tides  by  a 
twsdy  unlimited  number  of  ptienonicna  rei^iiiring  an  almoi#t 
infinitely  gri-at  degree  of  intelligence  to  undenttand  tbomi 
cocupletely.     And  we  appear  to  tie  deitincd,  through  aa| 
inuDcasurable  time  in  the  ^ture,  to  be  compelled  to  passi 
through  au   almoiit  infinite  amount  of  toil,  in  order  to 
discorer  Ibem. 

Difficulty  in  aJl  cases  is  greater  or  less  according  to 
tb«  extent  of  our  powers ;  l!iat  which  is  difficult  to  one 
man  is  more  or  lees  so  to  another ;  but  with  all  men  the 
diiEcultifs  are  amazingly  iiiortiasud  by  the  limited  extent 
of  our  faculties.  Our  organs  of  vision  do  not  enable  iw  toi 
decompOM  light,  to  distinguiab  »iuiple  colours  from  com- 
pottud  ones,  or  even  to  perceive  one-third  of  the  length  of 
the  entire  solsr  spectrum,  tltc  ultra-rod  and  ultra-violet 
nya  being  to  us  quite  iovixible;  wb  also  cannot  we  dis- 
tinctly in  feeble  ligbU  We  have  no  senae  at  all  for  the 
detection  of  magnetism.  Our  mental  faculties  arc  also  ■ 
eiLlrwiwly  limited,  and  are  more  frequently  undeveloped 
than  our  senses  Many  persons  who  possess  scientific 
kaowb^gc  have  but  little  uianlptiUtive  ability;  and  of 
UuMe  who  have  been  accustomed  to  teach  science  and 
lepeat  the  experiments  of  others,  but  few  have  the  power 
CFf  imagining  new  and  likely  hypothe>e8,  and  a  ntill  smaller 
number  possees  the  combination  of  abilities  requisite  to 
coiutitute  a  successful  and  ori^'nal  iuvistjirator.  In 
additiou  to  all  Uiis,  the  impiessionH  we  derive  from  our 
■CBiWi  are  otleiD  fallacious,  and  the  inferences  we  draw 
&i7ai  our  impri-sMiofu  are  frequently  erroneous,  and  our 
every  act  and  thought  is  extremely  liable  to  be  tainted 
with  mistake  and  error. 

TI»c  difficolly  of  rese&reh  i»  amazingly  increased  either 
by   the  magnitude,  the   minuteness,  tlie  complexity,   or 
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ahstruscnffis  of  many  natural  plienotni^Da.  Tlie  powr^ 
man'n  mind.whou  oompurod  wiUi  many  of  the  proble: 
presented  )>y  naiiire,  appeAr  m  Dothiog  to  inSaity,  and  in 
conxotjuence  of  this  we  are  oblijjed  to  employ  every  kimt 
of  artiftcinl  afsistaiK^e.  Btit  t)ic!>»  aide  liuve  alto  only  a 
limited  power.  Tclescopea  will  not  enable  at  to  »ee  an 
iniinitc  distancf,  iior  microBcopes  to  soeatoms  or  e\'en  mole- 
calc8.  Spectrosoops,  pDlariscopeii,  and  phi>tJ>mcton  bs' 
also  a  limit  of  action,  and  for  tlie  aid  of  the  senses  of 
and  tnsti-  we  Imvc  no  u])p]iniu'<!s.  With  the  aasistaooe 
pree»es  we  can  only  produce  a  finite  degree  of  presnir? ; 
and  with  the  aiii  of  nir-jHiiiipB  wc  can  only  rareiy  gaws  to 
ft  liinittrd  degree.  By  means  of  a  Iialance  a  difference  of 
weight  of  1  in  It)  millions  can  hardly  be  det«ete<],  and  a 
MinalleT  <]iiaiitity  than  une-hiinilrciltb  of  a  milligram  cannot 
at  present  be  weighed.  1'he  liight-st  amount*  of  powe? 
and  accuracy  yet  attained  arc  as  follows : — Mousaon  esti- 
mated that  he  had  subjected  water  to  a  prM«iire  of  1,300 
atmo8ph'_Tci?,  or  8J  tons  per  square  inch  :  Whitworth  ha^H 
uicn--<nred  a  <iilTerence  of  one-iiiitliontli  of  un  inch  i^| 
lengUi  I  and  Joule  has  detected  a  diSerenoe  in  tcmpcn- 
turc  of  one  8,8O0lh  of  a  ceiitit;r:iiie  dt-grco.  By  means  of 
s  mirror  and  electric  spark  W'heatstone  nicosurcd  one 
72,000th  of  asccoiidoftttnv.  Bymeunsof  hiseltninoecope 
Noble  lias  detected  a  period  of  time  as  siiiall  as  1  milUontli 
of  a  second ;  and  with  the  aid  of  the  pendulum  iViry  ob- 
seived  a  difference  of  time  of  I  in  10  millions,  or  2-1 
seconds  per  day.  By  means  of  the  microscope  we  can  sm 
an  object  a  50,000fh  U>  100.000th  part  nf  au  inch  in 
length,  but  &it  to  see  one  of  much  smaller  dimeo^iomv 
By  the  aid  of  the  .fpoct roscopc,  Bunsen  detected  aa  small 
a  quantity  as  one  180-mitlionth  of  a  grain  of  sodium. 
Ncssler's  reagent  renders  manifest  1  part  of  ammonia  in 
more  than  100  million  parts  of  wat«r;  and  tlie  sense  of 
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•men  in  recogQiaing  the  odour  of  musk  is  probably  even 
m\ich  more  AclicaU:  Hmn  IhEs. 

There  are  limits  to  oiir  experiiiieiit«  in  every  direotioa. 
NotffitfastandiDjj  thv  ftpparuntly  vxtrcmo  delicucj  of  ourl 
viuiouo  tn««nR  of  detecting  and  iii«»»»riiig  substiinci^ii  and 
{orcea,  tltey  fall  extremely  short  of  what  is  nccesaary  in 
order  to  dot«ct  itiaoy  molecular  pliciiomomi ;  imd  our  arti- 
ficial  aids    may   be    said   to   be  altogether   inadeqti»t«. 
Nearly  werj  method  of  <lGtectin>;  and    measuring  sub-j 
ttanccN  Antl  ftucea  remains  to  Ite  I'urthvr  mid  iinniciivel] 
refined.     According  to  Sorby,  we  have  already,  in  con 
iliiciioc  of  the  propertieti  of  li^ht,  m-arly  ixtuchud  the  limit«J 
of  ilje  poireis  of  the  microscope ;  and  to  lie  able  to  see  the 
altimalc  moU'wulea  of  organic  l>0(ji<!s  would  ixiiuire  ii« 
a    magnifying  power  of  from  5(kO  to   2,000    timei ' 

tter  tban  tho«c  wu  now  po:<sr¥s.' 

ll  UchieBy  by  great  rctinemi-nl^  of  iwientUic  methods 
that  we  can  hope  to  detect  minute  residual  phenomena, 
and  discover  llnutc  lew  obvioiw  truths  which  lue  th«  most 
iTeraal,  and  which  will  probably  disclose  to  us  the  great 

aciploi  of  nature  co-ordinating  the  many  lesser  trutlis 
we  it  prcxent  ksow. 

A  great  advance  in  degree  of  refinement  of  scientific 
loetboil  is  somrtimeii  a  result  of  nil  apparently  very  trivial 
drcumftance,  such  for  example  a»  the  u»e  of  pl.itiniim 
re»eU  in  enabling  more  accurate  chemical  analyses  to 
he  m:idf.  If  we  could  cviust^  every  substjiDcu  to  form  its 
«<LiuivaleDt  of  ammonia,  as  we  do  at  present  with  nitrous 
and  nitric  ucid,  wc  (should  at  once  obtuin  in  an  indiiect 
nmiiiKf  an  extremely  dt-Hcnte  tent  for  every  sub^ance.  A 
method  of  indefinitely  increasing  the  magnitude  of  minul« 
tSecu  is  indicated  in  the  principle  of  action  of  Holts'i 


•  Adirm  U>  tAtf  Uvyal  Mcnntfpiral  fiinftj/,  fob,  3, 187$. 
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statical  and  Wilde's  dToamical  electric  nuchine ;  alto  m 
the  microphone.     lu  some  ca^cs,  liuwtnvr,  our  Dienni 
detecting  etTi^rlii  aro  more  r^fimMl  than  our  manipolatin 
for  instance,  it  is  iilmoet  impoFsihlc  to  obtnin  two 
piece*  of  mrtal  (cvnn  of  pl;iliniim),i«J  pcrftrclly  pn^pored  Ji 
&  similar  manner,  that  on  connecting  them  with  a 
galvanometer  and  immersing  them  iu  n  etroDjjly  acid 
ducting  solution,  no  deHa^tJon  of  the  needlesi  is  obsei 

In  many  cases  wo  omit  to  employ  the  right  mel] 
of  diwxivcry,  and  in  others  whertt  \vt:  h&ve  <^mphiyed  i 
we  fail  from  various  causes  t«  obsert'e  a  great  number 
of  effccto ;  either  Uvauso  our  fncidtiM  nrv  uuKuitabk  in 
kind  or  dogn^c,  or  l«caii!if  Ihi?  instruments  or  appliances 
we  use  are  inaiiffieiently  delicate,  or  becauso  some  of  the 
meaoH  employMl  for  producing  the  effect  are  not  tiiffwiwitly 
powerful,  or  have  not  been  properly  balanced  or  arranged. 

The  darkuc(;i  of  the  imdiscovered  realm  of  future  knor- 
l<H)ge  is  so  great,  that  the  most  discerning  intclloctit  ban 
in  various  casc»  miiwed  important  truths  which  lay  clot* 
to  them.  Galvani  missed  chemical  electricity,  which  Volts 
Boon  afterwards  discovered.  Many  eminent  scientific  in- 
vestigators missed  discovering  the  composition  of  the  nUt 
which  Kirchoff  i^nd  Bunsen  found.  Kepler  about  theyear 
1604,  attempted,  but  fniled  to  discover,  the  law  of  refrat- 
tion  of  light.  *  When  we  consider  how  simple  the  law  of 
refraction  is,  it  appears  stxange  that  a  |)(T«on  att4.^mpttag 
to  discover  it,  and  drawing  triangles  for  the  purpofe, 
«bould  fail ;  but  thin  lot  of  missing  what  afterwards  ieeu» 
to  have  been  obvious,  is  a  common  one  in  the  pursuit  ol 
trulli.  Tlie  perwin  wh"  first  did  ibscover  the  Law  of  the 
Sines  was  Willehrod  Snell,  at>otit  1621;  hut  llie  In w  van 
first  published  by  Descartes,  who  had  seen  Snell's  papers.'' 

■  VhowsU,   Mutiny  t^  tin    Iiuliu^irr   SeifHca,  Snl  edit.  toL   il. 
p.  276. 
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la  con««qiieQ«e  of  the  almost  infinite  complexity  of 
Btier  and  its  forces,  there  o<-ciir  in  cvcrr  phyeicaL  and 
lical  nctJon  very  iwiiiy  other  ftffecti  lie^id^H  those 
we  «re  accustomed  to  anticipate  or  ohsenfe.  The 
oous  effects  produced  HiniiiIliiiicou:<ly  in  iron  by  ruiHing 
» Wmpcnittirv  tx>  fitll  rtrdness,  have  been  already  men- 
tined ; '  but  iron,  in  conscqncncf  «>f  it«  atonui  being  more 
(hsdy  pocked  than  tboee  of  most  Hubtttancea,  i»  proliabi; 
ft  conspicuous  icrtance  of  a  general  property  of 
viz.,  that  whi-n  any  one  of  tho  forces  of  a 
inci?  i."  dixturbfd,  all  ibt  others  are  simultaneously 
;  uther  bodies  of  high  atomic  number,  such  aa 
cotMlt  and  nickvl,  would  prolxibly  behnvi.!  aimilarly.  And 
u  our  means  of  <ietectiug  etlectii  are  so  very  omde  in 
comparison  with  the  decree  of  minuteness  of  molecular 
dHOgM,  wc  rarely  obiiArve  more  than  an  extremely  small 
ioD  of  the  results  wliich  occiu'.  Ilvut,  a?  well  us  light, 
3btlt;ffi  arrive*  at  our  earth  from  every  one  of  the  great 
muUitude  of  distant  heavenly  bodies,  but  we  have  only 
yet  detected  it  in  a  single  instance.* 

Different  researcbea  present  every  degree  of  difficulty, 
depending  upon  the  circuuistanccK  of  thi;  particular  case ; 
nd  dieeovt-riea  are  u-nmlly  tiifficult  in  proportion  to  their 
degrees  of  tmripeness  and  of  intrinsic  impurtance,  because 
their  imripcue«s  is  due  to  the  undeveloped  state  of  ottipf 
port*  of  science,  and  thiMe  of  importjince  usually  require 
ettenaive  icacarch.  The  former  obxtack-  i«  Kumctimcs  so 
great,  that  until  science  has  advanced  in  other  departments 
the  expected  discovery  cannot  Ik-  made.  Newton  attempted 
to  make  bis  great  discovery  iif  tin;  law  of  action  of  gravity 
hi  tlw  year  1665,  but  had  to  set  his  -calctilatioUB  aside 
noti]  June  1 682,  when  be  huiird,  at  a  meeting  of  tlic  Royal 

'  Cb*pt«r  IV.,  |>.  S:i.       '  Ur.  Siono  bw  d«iocic(l  lieat  trom  Aretimu. 


216     fliuniUL  tx>Ki>rnoxa  of  snssnno  BsnuBcn. 


J 


Society,  that  Picard  in  1G70  had  m<>AKiin-d  with  gnr. 
accuracy  thp  length  of  a  certain  portion  of  a  meridian  li 
in  France.  He  thm  madea  sucond  att<:inpt  and  i^ireeedaci. 
In  consequence  of  similar  reawns  a  scientific  investi- 
gator has  voinvtimcs  to  pan«c  Biid  consider  wb<>ther  tbc 
Htute  of  ecienc<>  is  AufBoiently  advnnoed  to  enaUe  liim  to 
verify  a  particular  liypothesis  or  complete  a  proptwed 
research.  The  dtffii^ulty  offered  by  tlu;  intrinsic  import* 
ance  of  a  discovery,  though  second  in  magnitude  to  this, 
is  ofton  very  fri'^"^*!  '"^"i  the  dinw>v«ry  of  new  principles  in 
«ci«nci;  retptirt^s  an  iinuaiial  combination  of  ability  asd 
circumstances.  Many  think  that  great  discoveriea  an 
made  all  at  once,  and  the  accounts  of  them,  a»  usualW 
given  in  boolu,  confirm  that  impression;  hut  such  israrelf 
tlic  ca.*e.  It  IK  true  that  the  correct  idea  or  hypothcdt. 
when  it  does  occur  to  one's  mind,  doea  sometitnex  come 
all  at  once;  but  in  nt-arly  all  cases  a  great  many  false 
bypothcMei  are  imagined  and  tested  before  the  correct  cne 
is  thought  of.  We  must  also  remember  that  an  hypothcni 
does  not  become  a  discovery  until  cxhau^ive  reseattb 
completely  proves  it  to  be  correct ;  he  thereforv  is  mofi 
the  discoverer  who  proves  the  truth.  It  is  usually  much 
more  difhcnlt  to  find  a  new  gi^iK-ral  principle  in  scieaee 
than  to  ascertain  its  quantitative  relationti.  Tlie  dircovm 
if  elcctro-mngnetism,  for  exnmplc,  was  less  easy  to  effect 
ihan  the  subsequent  finding  of  the  law  of  its  variation 
according  to  distance.  Many  discoveries,  however,  arc  » 
comparatively  easy  that  even  an  advanced  student  rasy 
make  them.  The  rapid  extension  of  organic  chemistiy 
during  thv  Ia«t  thirty  years  has  been  largely  due  to  le- 
■tearchesi  made  by  young  cbt-mistii  under  the  superinten- 
dence of  experienced  investigators.  Until  an  hyputhrau  ii 
verified  it  riMnains  uncertain;  in  a  research,  even  at  the 
elevcatb  hour,  our  view  maj  \«  ^ttui\&\ft>«i'»i\tt\»^\«,iidii 
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aoot  nntil  iJie  fiillt!»<t  proof  is  obtuiued  thnt  we  bocome  in 
■  wy  high  degree  certain.  When  Newton,  iu  16G6,  fir«l 
•Hcnpt^il  to  tf«l  liiM  asduiiK'd  law  of  xctioti  of  gravity,  be 
obtained  an  approximate  result,  because  hi^  only 
labli>  data  were  not  ^ufftcicutlj  ticcurate. 
DtBooverjr  by  syotlu'^iB  is  more  dEffieidt  tban  Ibat  by 
[yais.  It  ia  more  difficult  to  build  up  than  to  pull 
The  fornu.T  is  a  niur«  (tystcmiitic  procedure,  and 
requires  more  preparation  and  a  more  intelligent  mind. 
We  accordingly  Riid  ttiat  in  thu  early  stages  of  knowledge 
of  cbemistxy  new  discoveries  were  chiefly  idjmIv  by  dv 
campoeing  bodies  by  meane  of  heat,  &c. ;  Init  in  later 
pvriodN  we  bave  acquired  a  gradual  ioHight  into  vanom 
methods  by  which  compound  subHtances  may  be  formed* 
aod  we  have  at  t«ngth  succeeded  in  coostnicting  from  tJicir 
eirtnt-ntary  c-oii^Utuvnt^  many  substaDueii,  saoh  as  urea, 
uric  acid,  alizarine,  and  otbois,  which  were  formerly  be- 
tiered  to  be  formed  in  plants  and  animEdi;  alone,  and  to  be 
nbtainaide  only  by  the  analysis  or  decompo«itioii  of  iinimal 
aod  v^^table  products.  It  may  also  be  remarked,  tJiat 
whilit  w«  have  numerous  tJ«atixeM  on  clivmical  anslyttis  wc 
have  scarcely  any  on  cliemical  sjiitbesis  only ;  we  have 
constructed  a  mure  complete  system  of  tlie  former  than  of 
the  latter. 

A  circnmstaucv  which  has  added  amazingly  to  the  diffi- 
culty of  original  scientilio  research,  has  l)eeii  tbe  entire 
absence  of  remuneration  for  the  very  lai^e  amount  of  time 
and  labour  cxjH-tidf:^  upon  it,  iiud  the  imperfect  providon 
for  repayment  of  money  expended  upon  apparatus  and 
materials.  M.  Fromy,  epdikiug  of  the  deficiency  of  es- 
oouiBgemt^nt  of  original  seieiitiric  ruMjarch,  !<.iys  :^'  Tlic  evil 
wpl  not  be  eradicated  until  scientific  careers  are  regularly 
orgaai«od  and  properly  recruited.  It  must  not  be  forgoUen 
that  at  thfi piweBt  day,  more  than  uver,  every  career  mfti- 
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otit  a  future  is  rejected,    llie  most  zealmiit  aMpir^lAAs 
paralysed  and  nrreFted  by  want  of  the  neceseariea  of  esist-- 
ence.'     'Tlitf   greatest  (cientiliv  diiicovery  brings  oo  re- 
muneration to  its  author,  but  often  causes  him  ruinoLX* 
expeniie.      Instances  oiiu  be  quoted  of  Ecientific  men  vbo 
from  want  of  meaoi  have  been  obliged  to  abnndoD  jna- 
portttot  researches,  and  remain  content  up  to  the  ag«  of 
Sttf  vitb  H  iiiudc^t  (u»iietautship.     The  frequent  pvc\iniarr 
UButance  given  by  the  friendii  of  tieicnct!  xhovra  that  the 
most  illustrious  scientific  men  die  leaYing  their  familicf 
in  extreme  poverty.     Thus  a  Bcientific  camw  is  shunned, 
recruiting  for  it  becomcB  daily  more  diG&cnlt,  and  tlie 
country  losks  every  year   much   rahiahle   Kcitintific  di»- 
covety.     Such  a  loss  is  incalculable.'     *  I  do  not  want  W 
suggest  wealth  for  scientific  men,  but  u  modest  progrRMitv 

Icur<!ur,  fluch  an  is  offered  to  the  soldier  or  State  engineer.' 
'  The  scientific  career  »hall  consist  of  five  grades : — 
rar  Annanu 
The  scientific  man  of  the  fifth  grade  shall  receive  £120. 
„  fourth  „  £200. 

„  third  „  £320. 

k  „  second  „  £600. 

I  »  tirst  „  £800i 

The  entrance  upon  a  scientific  career, «.«.,  admissi<n 
Into  the  fifth  grade  will  not  be  granted  till  d'rcisive  tcsU 
have  proved  with  certainty  the  scientific  capabilitieii  of  tlid 
caodidutt^'  '  For  the  sciences  of  expuriment  and  observa- 
tion, the  aptitude  of  young  men  can  1)6  easily  t»t«d  in  llifl 
labonttoririK,  now  so  numerous  and  usefid,  in  which  their 
original  work  would  be  carried  on  under  the  fupervision  of 
professors.'  '  He  who  advances  science  by  his  discoveries, 
works  in  the  iat«rest  of  &U ;  the  State  ought,  tberefor^  it 
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lewvd  him  proportionalbf  to  tlic  Mfcntific  »en'!oe8  he 
retulcnt  it.' ' 

Not  only  have  diecoverera  not  been  remunoratt-d  for 
their  labours,  but  their  unual  means  of  «ubi>iKt«n::e  Iiave  in 
muiy  caws  Ixten  diminished  in  con(ie()uence  of  their  occu- 
pktioii.  John  Aubrey  Btated  tliut  he  '  hi.'ard  llurvoy  ray 
that  Motm  nft^T  hin  liook  on  ihe  ciroulstion  of  th«  blood 
cstne  out,  he  fell  mightily  in  his  practice.  It  wns  believed 
by  the  i.'ulg&r  thut  he  wiut  cnick-hmiuci).  Aixt  Al  lh« 
prufcMion  were  against  him.  H«  watt  alao  called  "the 
Jator." '  This  part  of  the  Euhject  ia,  however,  mors 
rtj«at«d  of  inChapt«rXXVI[I.ou  thu * Cinciiinttanoes 
and  Oceupationa  favonrahle  to  Scientific  Ketiearch.' 


CHAPTER  XXV. 

COST  or  SCIRKTiriC   BKSBIBCRKS. 

RbskjlRChiu  difTer  greatly  in  expense,  hut  the  cost  of  tboee 
in  pbysicaaDdoheniiHtry  i»  not  usually  gruat ;  for  materialu 
uul  appatatus  it  does  not  often  exceed  a  hundred  pounda 
a  ymr.  The  chief  coat  conaiats  in  the  time  required; 
Dfiarly  every  twientifie  dUcovery  of  importjinee,  if  tlie 
tfaDCf  skill,  and  money  expended  upon  it  were  [xaid  for  at 
Uie  aune  ntc  m  high-cIoKH  ability  in  medicine,  Jaw,  or 
commerce,  would  coat  at  least  several  (houitand  pounds. 

Hojrvey  expended  nineteen  je*rs  of  labour  in  order  to 
duooTer  fully  the  circulatlou  of  tbe  blood  throughout  it« 
eottre  cotirse.  Newton's  work  also  wa^  tremeodoua.  He 
publi<he<l  Ills  great  hook,  the  Prineipia,  in  1687,  and  at 

■  Om/*nmr«i  i  SjiMlal  Lomi  Collection,  iiontii  Keotington  Miuciun, 
IBT«,vol.  tt.  i>ix83.»e. 
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that  time  there  were  not  more  than  ten  peraonii  vbo 
t'tilly  uadcrtiand  it,  und  it  nas  fifly  years  before  it  w^u 
fully  appreciated.  Htinter's  cxp«!riiii«nt«,  •£«.,  also,  s.« 
comparative  anatomy,  cost  him  70,000/.  in  mon«y  alom  «» 
Ixt^idvu  HI)  iiuiiiviiKu  amount  of  pergonal  labour.  It  wf» 
by  making  at  lea^t  one  thousand  obser\'ations,  t]i.^>^ 
OraliaDa,iu  tliu  year  1722, discovorcd  thcdiumal  variatici^o 
of  Ui«  ma^tiet.ic  iieedlu ;  and  Cantou,  aUitil  tJie  year  1 7^  ^>^ 
by  making  at  least  four  thousand  obHcrvations,  cotitirmt^^ 
that  discovery,  and  also  discovorcd  tli«  yrarly  variation  «:>f 
the  needle,  and  that  the  diurnal  vanation  was  greater  io 
flummor  than  iu  winter.  *  Thv  labour  of  comparing;  witli 
theory  above  eight  thousand  observed  places  of  the  moon, 
by  computation  of  the  same  uumbur  of  place;)  which  hud 
been  observed  at  Greenwich,  between  the  years  1 750  and 
1830,  occupied  u  number  of  calculators  (somctimea  af 
many  as  sixtwu)  (hiriiij;  alwiil  eight  yeans  and  wo*  tnade 
for  the  purposu  of  correcting  the  Lunar  Tables.  One 
restdt  of  thc-si:  oalcidations  wa»>  the  discovery  of  two  lunar 
iui'<iuaUties,  both  due  to  the  attraction  of  Venus.'  Several 
years  have  alr<.--ady  bvvn  occupiiNl  by  a  utmiber  of  calcu* 
lators  iu  computing  the  results  of  the  obscrvationj  of  the 
bile  transit  of  \'eDUii,  and  the  labours  arc  not  yet  com- 
pleted. Ilie  discovery  of  thallium  and  the  accnrate  dotei* 
minution  of  iU  atomic  weight  cost  Orookes  many  years  of 
laboiu*  and  u  large  sum  of  moucy ;  and  the  dct^rmiiutioii 
of  the  chief  properties  of  anhydrous  hydroQuoric  acid, 
fluoride  of  silver,  and  other  Suorides,  occupied  tbo  author 
of  these  jiages  most  of  bis  time  during  nine  year*)  and 
necessitated  the  purchase  of  several  hundred  ounces  of 
platinum  vessels.  The  compilation  and  publication  of  the 
mere  list  of  the  titles  of  original  seieniifto  invealigaciont 
made  since  the  year  1 800,  together  with  the  names  of  the 
/nvfsCigatorg,  and  entitluii  'TVie  U(i'3».\  Swiint-'S  C«.talogus, 
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of  Soientitic  Papers,'  have  cost  our  Government  and  the 
Rojsl  Society  ncaily  tO,O0Of.  The  number  of  rescJircho* 
i»  more  tb»n  100,000,  and  their  titles  alone  occupy  eight 
Tolio  voliuni'*  of  1,000  page«  each;  and  nil  thofc 
S'twarchot,  thf-  mere  pecuniary  ooiit  of  whicli  would  amoiint 
to  maiiy  miUions  of  pounds,  wer«  made  entirely  at  the 
expense  of  thi!  invcctJgaton  themaelve*,  nearly  all  of  whoD 
were  men  of  limited  pecuniary  means. 

Frequently  only  a  small  portion  of  the  total  expense  of 
a  research  can  be  judgwl  of  by  the  piililtshed  aecotinl  of 
tlw  iuvefltigatioD,  because  a  very  large  number  of  experi- 
ments made  in  the  endeavour  to  Sl^lect  a  good  subject  of 
tnvestigntioii  lead  only  to  negative  resultii ;  and  many  of 
i  HiOite  made  in  the  earlier  stajj^  of  a  research  are  imperfect 
I  U)d  unfit  for  ptihlicatfon,  and  some,  made  in  attempt's  to 
I  extend  the  research  in  rarioiis  directions,  lead  lo  no  [Ki^itive 
I  knowledge,  and  the  whole  of  these  have  to  be  discarded 
I  aod  oonaigned  to  oblivion.  Often  several  months  of 
^Llsbotir  are  expended  in  finding  that  a  supposed  new  fact 
^Biret  not  new*  or  that  Uie  circumstance  intended  to  be 
^PFioTCsiigated  was  not  worthy  of  an  investigation.  Faraday 
liaa  remarked :  *  The  world  little  knows  how  many  of  tlu- 
thoo^bts  aud  theorien  that  have  passed  Ihrougb  the  mind 
of  ft  Kientific  investigator  have  been  crushed  in  silencu 
and  secrecy  by  hi»  own  nevere  criticism  and  adverse 
flxamlnation  ;  that  in  the  most  succeesfiil  inittanoo:*  not  a 
t«oth  of  the  suggestions,  the  hopes,  the  wishes,  the  pre- 
lim iunry  iroTteIit.'<ionii  have  been  reattHed.' 

ManufaeturiTsoocBsionallyrequiro  a»  original  rcHenrofa 
to  be  made  in  connection  with  tlieir  proco»sc«,  and  some- 
timeH  ottject  to  the  expense  because  the  reiiultti  arc  so 
•ntall  in  amount,  as  if  they  expected  such  kind  of  wnrk  to 
yield  the  mine  qitaotily  of  effect  a*  ordinary  routine  pro- 
iMsional  laboiu*,  and  forgetting  that  by  the  exercise  of 
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much  lef«  rare  nbilU;  manufacturers  tbeuuelvea  u&uallj 
oLbiin  much  g^vater  recoini>en!ie  for  tb«ir  exeitioo*. 

It  is  very  difficult  to  miikv  the  public  underetand  or 
intvlli^ntly  I'Kdit  the  amount  of  time  and  labour  ex- 
pended in  acquiring  the  ability  to  discover,  and  in  dtfl- 
covuriug  new  Ijutlin  of  nature,  Ix;c»umu  tbow  truths,  when 
Qiusc.  known,  are  often  so  simple  and  so  self>evident,  ttiiitj 
it  appears  to  a  pcrvon  incsperit'nced  in  rceeurch  nlmoMt 
im)>oftdble  not  to  have  peroeivnd  them  at  first  Mgtit.     Ast 
an  illoBtratioD  of  this  want  of  knowledge,  pen»ona  who  I 
hud  gained  maiiy  tlioiuwndii  of  pouiidx  by  the  aid  uf  a  dia-l 
ccfvt^ry  and  invi^ntion  of  mine,  and  had  taken  the  entire 
profit  and  credit  during;  many  years,  infonncd  me  that  a  ^ 
8oho<)l-lx>y  might  have  dune  it,  fcirj^t ting  tliiit  tlic  ability  H 
to  moke  the  discovery  was  auquircd  at  the  expense  of  long- 
continued  habit»  of  study  combined  with  a  natunl  aptitude  , 
for  sdenco,  and  was  my  own  individual  property.    The] 
blindn«8K,  evon  of  percon^  of  the  IwKt  intiiiition.-^  Is  Mine- 
times  so  extreme  in  such  cases,  that  they  both  deny  any 
credit  and  refuse  to  give  any  recompense  to  the  real  dia- 
oorerer ;  and  as  tliere  is  no  legal  remedy  in  such  caseit,  the 
best  course  to  pursue  in  order  to  obtain  a  recognition  of 
justice  l8  to  insist  upon  a  thorough  inviMtigation  of  tlis 
ciroumRtancea  lieing  made  with  the  aid  of  an  able  scientific 
man  and  a  juJiciouH  lawyer. 

Notwitlistanding  tlie  incalculably  f^eat  advantagCM 
this  nation  has  received  and  i#  receiving  from  ori(;iaal 
sctenlitic  en'iuiry,  it  is  not  at  present  pos»it>le  for  a 
scieutitic  man  to  obtain  an  income  by  such  labour.  This  I 
is  not,  however,  a  suitjiblc  plac«  bo  ditouM  tlie  qucHtjon 
how  Hcientitic  ability  and  coat  of  original  research  may  be 
repaid  to  the  investigator.  That  difficult  problem  is  bein^ 
considered,  and  if  this  country  is  to  retain  it«  yuptrriority 
as  a  manu&oturing   nation   the  question   must  soon  Iw 
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Mind  in  a  wsy  much  more  satisfaotorj  to  the  origioal 
•Wicr, 

Al  tht'  Goynl  Iniititution  of  Great  Britain,  a  fund 
ate  to  defray  the  expenses  of  research  condiief.cd  there ; 
ni  tid  towanit)  clefruyin^  tile  co^t  of  origioal  scientific 
ntemhi^  mule  by  private  persons  m»y  bo  obtained  trom 
tW  Government  Grant  Oommittee  of  the  Roynl  Society. 
Ue  (V-mieal  .Society  of  London  also  now  possesseB  a  fond 
tOiidUie  prosecution  of  original  ii)<|iiiri«s  in  chemintry. 


CHAPTER  XXVI. 

BVKXTtCTKO  OH  'ACaOXSTAl'  MSCOVBIltRS. 

V|  are  too  apt  to  attribute  to  accident  or  occult  infln- 
9ce  tliat  wbicJi  we  cannot  undcrvtAnd.     A  popular  notion 
viirtathat  sctentitic  discoveries  in  general  are  the  re.tiiltH 
tf  the  purest  occidont ;  but  thio  idea  is  munt  iQcorrect. 
IV  evolution  of  neir  trutliii  is  determined  by  the  lii^n 
ff  bumao  proftreas,  and  discoveries  therefore  must  occur. 
Tile  possibility  of  making   any  discovery  i«    dependent, 
I  have  sliowD,  upon  certain  other  discoveries  having 
previously  made ;  and  when  thoM  have  been   made, 
Uie  additional  sew  Initfa  comes  looming  in  the  distance, 
and  is  more  or  less  thrust  upon  the  notice  of  investiga- 
tors, and  cannot  loDfr  remain    unknown.     The  discovery 
of  Lbo  tmiveral  action  of  gravity  was  fenced,  as  it  were, 
upon  the  notice  of  Newton,  partly  by  its  ueaniess,  and 
partly  »»  a  result  of  biis  fitudies ;  and  that  of  the  oom- 
poaitioD  of  the  euq  was  prelumined  in  the   myct«ry  of 
*  Ptaunhofer'a  Tintw.' 

Men  have  a  irillin^ess  to  believe  that  fjcesS.  i^ 
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coreries  are  governed  by  casual  ooincid«»c««,*  but ' 
'Kowton  had  entertainml  Mie  t)ioii{;ht  of  the  moon  bfinj> 
retained  in  her  orbit  by  graTitalion  a&  early  as  1665  orJ 
1666."  Th«  discovery  of  Ocivted  has  been  spoken 
u  a  cuaual  isolated  experiment.  Vet  Oersted  had  beeni 
looking  for  bucIi  an  accidmt,  probably  more  oarefuUy 
and  pvr«(^v«ringly  than  any  other  person  in  Europe.  In 
1R07  he  had  published  a  work,  in  which  he  prrfrnrd 
that  his  purpose  wa«  to  *  awertoiQ  whether  electricity, 
in  ittt  latent  state,  had  any  efTect  on  the  magnet.'  And 
be,  as  I  know  from  his  own  declaration,  oonfiidered  hii« 
discovnry  sa  the  natural  ecquol  and  contirmstion  of  Ma 
early  rvscardies;  a*,  indeed,  it  fell  in  rcMidily  and  imin»- 
diately  with  speculations  on  theee  subjects  Uien  very  pr^ 
ralcjit  in  Gt-rmany,  In  wa*  an  accident,  like  that  by 
which  a  man  gueeties  a  riddle  on  which  hLi  mind  luu  bcen^— 
long  employed.' '  ^| 

'*Vo  scientific  difcovery  can,  with  any  justice,  be  con- 
sidered dui-  to  accident.     In  whatever  manner  facts  jnuy.^ 
be  pri-]<crnk-d  to  the  notice  of  a  discoverer,  they  can  nevee^| 
become  the  materials  of  eiact  knowledge,  unleM  they  find^ 
his  mind  already  provided  with  procise  and  suitable  con- 
ccptioiiit  by  which  they  may  he  analy>«ed  and  connected.' ' 
It  has  been  said, '  By  the  accidental  placing  of  a  rliomh  of 
catcarrous  spar  upon  a  book  or  line,  Bartolinus  dtscovi 
the  property  of  the  douhU  refradian  of  light.'     But 
toliniis  could  have  seen  no  such  consequence  in  the  acciden 
ir  he  hail  not  previously  had  a  clear  conception  of  ningt^!- 
refraciion.     A  lady,  in  describing  an  optical  experiment 
which  had  been  ^lown  her,  i^aid  of  her  teacher, '  He  told 
me  to  inavase  mid  diTiiinieh  Utc  an'jUof  r^ractionyBSi 

*  ynttwtiW.  tlittvry  tf  tk»  luiliiMt*  Seinttv.SfX  vA\K.  Tot.U.  pk4n3 
"  /*«.  p.  72.  •  Ibid.  !>.  TDl, 
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1 1  found  that  he  only  meant  me  to  move  my  head  up 
(Q.*  At  any  rate,  till  tbc  tiidy  had  acquiri'd  the 
'whiffh  the  tt^itniicid  tj:trRiit  convey,  she  (KXild  aot 
made  BartoliouHV  discovery  by  meaoB  of  his  acci- 
'By  Nccidrotatly  cointiiinng  two  rhombs  in  dif- 
|N»itlDns,Mt  i*  added,'  'Huyghco*  discovered  the 
ati/jn  of  light.'  Supposing  that  this  experimpnt 
hi  bwn  madr  without  dwigii,  what  Huyghens  n-My 
fimrred  was  that  the  images  appeared  aud  (iiwipi>eared 
■lUnutely  as  he  tiuoed  the  rhombtt  round.  But  was  it 
■  avT  or  au  obrious  husinees  to  analyse  thic  curioiut 
illmialion  into  the  oir«uia*tanceK  of  tlie  rayx  of  ligfat 
hntng  0i(U«f  as  Newton  exprefued  it,  and  into  the  addi- 
<•»»!  hypoUietk^i  whicli  un-  implied  in  the  t«rm  pokrttia- 
ttw?  Tlioee  will  be  able  to  answer  thiti  question  who 
l*>e  found  how  far  from  easy  it  is  to  understand  clearly 
*itt  is  meant  by  polarisation  in  this  c!Uc,  now  that  the 
ptftity  is  fully  established.  Huyghens'g  success  de- 
pndtd  nn  bi^  ch'anK'K^  of  lh'ni<^ht,  for  this  euabled  him 
l«  pczform  the  intellectual  analy^i?,  which  never  would 
bw  occurred  to  mo«t  men,  howevw  often  they  had 
'Kcidentally  combined  two  rhomlH  in  different  poaitiims.' 
Bj  accidiinlully  lnokinfj  throujjh  a  prlsui  of  the  same 
mlataDoe,  and  turning  it  ronod,  Mnliui  discovered  the 
fibrintion  of  light  by  reflection.  Plains  saw  that,  in 
Wne  potitioni,  the  light  reflected  frnm  the  window*  of  the 
Uicmbourg,  thus  seen  thmugh  the  prism,  became  dim. 
Aoothi^r  rn,-uj  would  Iiave  supposed  tliis  dimness  the  result 
rf  Bccident ;  but  his  mind  was  differently  constituted  and 
4«njJi««l.  He  oonsidered  the  position  of  the  window, 
I'd  of  the  prism ;  repeated  the  experiment  over  and  over; 
■od,  in  virtue  of  the  eminently  distinct  conceptions  of 


•  JMiii»rjh  Bteietr,  Ko.  cxxxiii.  p.  ISl. 
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epac«  which  he  pt>i6)?aeed,  resolvod  the  phenomena  into  i 
^<!onii!trioal  conditions.  A  believer  in  Rcoidciil  w<nihl  not 
have  Hought  ihein  ;  a  per»on  of  lew  clear  ideas  would  not 
liBTi'  found  them.  A  person  must  have  ii  ^tmngv  go&- 
lidence  in  the  virtue  of  chanc«  and  the  worthleMoeaa  of 
intellect  who  can  say,'  even  in  the  beat  of  delmtc,  or  the 
reckle««neji«  of  aiionymonN  criticiKin,  that  *in  all  theae 
fundamental  discoveriea  appropriate  ideas  bad  no  share,' 
and  thiit  the  diKcoverios  '  mi^rht  have  been  made  by  Uii 
most  ordinary  ottsen-ers.' ' 

Sciontigc  researches  are  rarely  made  in  s  bnpbaza: 
way,  Imt   nearly  always   by  men  with   «pocinlly-tnd 
mind^  and  for  the  purpose  of  solving  definite  qtwsti' 
Enseal  did  not  verify  his  thcoi'y  of  tbo  weight  of  tbe  atmo- 
ephere  by  ai^cidi-iit,  liut  [lurpiisL-ly  had  a  Inrometer  cam 
to  the  top  of  a  mountain  (tbe  Puy  de  Dome,  in  Fr»ac«) 
te«t  bis  conjecture.     The  (Treat  majority  of  important  di 
coveries  are  also  lalMrioualy  sought  for.     Oersted  Eouj;h' 
for  the  true  rclfitiim  between  electricity  and  magne' 
during  more  than  fifteen  yeare  before  be  foimd  it.     Vnlta 
bad  studied  electricity  for  nearly  thirty  yeara,  and  had 
invt'iitt'd  hi*  fiiectroplioriM  and  electric  condenaer  befi 
be  discovered  chemical  electricity.     Fareday  begao 
search  for  a  relntion  of  magnetins  to  light  in  tbe 
1822,  and  discovered  it  in  1845.     He  also  souf^ht  for 
experimental  connection  between  gravity  end  the  physical 
fofoes  during  a  grt-at  many  year*,  but  did  not  succeed  in 
finding  it.     Discovery,   unless   it  bo  tbat  of  an   itolntvd 
fact,  iH  always  a  more  or  les»  gradual  process.     We  do  D' 
at  one©  6nd  n  general  law  or  principle,  even  thougli 
may  have  correctly  predicted  its  cxinlenee  by  an  hy 
Ibem,  becaune  a  general  law  refjuires  a  great  variety  and 

'  See  £MlfitiiryA  llrpieir,  Ho.  cxixiii,  jv.  Hi, 

*  Whewell,  PhitMoyhy  ,'f  tie  Zttlattin'  :irirat^  roL  11.  ppu  18IM9S. 
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■  i»f  instances  to  prow  it ;  and  tlie  greater  lie  law, 

I  more  graduul  and  latNjnouM  t)io  proems. 

I^  &om  being;  t[iatt«ra  of  accident,  some  di^^viiiex 

tractwwfiitly  prvdicttrd ;  but  ii«ually  this  can  only  occur 

where  tlie  essential  conditiiinji  upon  wliicli  tliu 

lis  dcpond  are  cIcurLy  imaj^ned  or  known.     The 

of  ttie   planet    Neptuno,   liy    Im  ^'errier   and 

,  18  a  well-knAwn  instanco  of  this  kind.     Tti»  pro- 

Wiility  of  lliu  exi*ti?d<w  uf  ii  distuTbing  Ixidy  beyond 

was  imagined  by  >L  A.  Boiivard  and  Mr.  Hiisjcyas 

r»  lh«  yair  1834.     Mr.  Adiims  soon  uflcr  set  to  work 

latoertain  the  nature  of  thid  disturliance ;  and  ax  t^rly  as 

II  be  conjectured  the  existenoc  of  an  exterior  planet, 

I  decided  to  examine  its  Kff«cL     In  1844  he  applied  to 

'  Astronomer  Koyal  for  recorded  observation*,  rx>  a>»i8t 

i;  aod  at  tbc  vnd  of  Octolior  1846,  kc  hud  calculat«d 

tfJemeoti)  of  the  ^ipposed  planet,  and  g.^ve  ak  it»  longi- 

'ii^\     OnJunfll,1846,  a  memoir  of  M.  LeVerrier 

ipabli^hed,  eontaining  bin  first  pri^diiitions  re«peclinj[ 

expected  planet.     On  July  29,  Professor  ChalUs,  of 

ridge,  bogiin  to  look  for  the  planet,  aitd  actunll^'  saw 

lOB  August  4  and  12,  and  reserved  it,  with  others,  for 

tion;    liut  did  not  then  recognise  it,  in  conse- 

!  of  his  method  of  obstirvation.     (Jn  September  23, 

lUe,  of  Berlin,  received  an  t-otprcsB  application  from 

'  Verrier,  of  Paris,  to  try  and  recognise  it  by  its 

ng  (like  all  other  planets)  a  visibk  disc,  and  M.  Galle 

and   di«lingui»licd   it  on  that  very  same  day.     On 

smber  29,  Professor  Challis,  having  ^een  a  paper  of 

'Vcnicr's,  of  .Angnst  31,  »^inglcd  out  the  planet  by  it« 

(Rearing  to  have  a  visible  disc ;  and  in  the  samn  month. 

Sir  i.  Herschel  remarked,  at  a  meeting  of  the  British 

Aaotialiun,  at  Southampton :  *  We  see  it '  (i'.e.  tbn  planet) 

i  Otiuiubiis  «iw  America  from  tlie  shores  of  Spain.     Its 
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moremonte  bare  been  felt,  trembliDg  along  Uic  tiu-mub- 
iiig  liuc  of  oiir  analjaia,  with  a  certainty  hardly  inferioi  to 
that  of  ocular  demooetratioD.' 

'lluUpy   bad   tJie  giwy   of  having  fir(fc   det«et«d  ■ 
periodic  oomet,  in  the  caw  of  that  wbioh  has  dace  bocse 
his  name.     But  tbi«  '^rctil  discovery  was  not  made  witlxxit 
labiuir.     Tn   1705,  Halley  explained   bow  the  panfaoUo 
orbit  of  a  planet  may  be  determined  from  tbre«  obacvn- 
tions;  and,  joiniug  fxamjile  U>  precept,  himself  cakuUtaJ 
the  positions  and  orbits  of  twenty-fonr  eaateU.   He  fami, 
as  the  reward  of  bis  indiutry,  that  the  comets  of  1607  Bud 
1531  had  tb(^  -tame  orbitu  as  that  of  1(>S2.     And  here  the 
intervals  are  nearly  the  same,  namely,  about  seventy-five 
years.     Arc  these  three  cometn,  thi^n,  idt^utical  ?     In  look- 
ing back  into  the  bistoiy  of  such  appearance;*,  lie  found 
comets  recorded  in  14^6,  in  1380,  and  1305;  the  inter- 
vals are  still  the  same,  seventy-live  or  Kventy-^is  jvars. 
It  was  impossible  now  to  doubt  that  they  were  the  periods 
of  a  revolving  body ;  that  the  comet  was  a  planet ; 
orbit  a  long  ellipse,  not  a  parabola.'     *  But  if  tbi»  w«re 
the  comet  miiHt  reappear  in  1758  or  1759.     Halley  pre- 
dicted that  it  would  do  so;  and  the  fulfilment  of  thia 
prediction  was  naturally  looked  forward  to.  as  an  additional 
i^tamp  of  1h(i  truth  of  the  theory  of  grnvitation."   '  But  in 
this  the  comet  had  been  supposed  to  be  affected  only 
the  attraction  of  the  sun.     Tlic  planets  must  disturb  ita 
motion  Hs  tbey  disturb  each  other.     How  would  Ibis  dis- 
turbance afTcct  the  time  and  circumstances  of  its  rea[>- 
pearancc!  ?     Halley  had  proposed,  but  not  attempted,  to 
solve  this  question.'     '  The  effect  of  perturbations  on  a 
comet  defatts  all  known  methods  of  approximation,  and 
requires  immense  labour.     "  Clairaut,"  says  Bailly, "  under- 
took this;    with  courage  t-nongh  to  dare  the  adventure, 
he  bud  talent  enough  to  obtain  a  memorable  victory ; 
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tk  difficultm,  tJiO    Ubour,  j^»  upon    him    a$    he  ad- 

nMd;  but  he  foitglit  his  way  tjirough  them,  as^i§le<J  by 

jliludc-,  and  by  a  female  calculator,  Madame-  Lvpautc. 

rJIepKdicted  that  the  comt-t  w-ntld  reach   itt  perihelion 

April  13,  M6Q,  but  claimed  the  liceDce  of  u  muoth  for  the 

i»ntabl«  inaocuracicB  of  a  oalculatioo  wtiich,  io  addition 

ti  ill  other  Bourcee  of  error,  was  maile  in  haste,  tiiat  it 

Bijbt  appear  u  n  pn^lictioD.     The  comet  juetific-d  iiia 

dtrulfltiona  and  his  caution  tog«thef,  for  it  arrived  at  its 

ion  on  March  13." 

D'Alibord  and  <>thcr«,  iu  the  year  1 752,  t«»t«d  FrunklinV 

CD^^tuie,  made  in  1750,  of  the  analoj^y  of  electricity  and 

liffbtmng,  by  erecting  at  Marli  a  pointeil  rod  of  iron,  40  feet 

liigli.aud  digioov«red  that  when  a  thundi'r-cloud  paKi;ed  over 

the  pbce,  th«  rod  was  capable  of  yielding  electric  Bpaiks. 

'Fromel  proved,  bj  a  mnsl  prufmind  mutbvto«ticaI 
calculation,  ct  priorit  that  tJie  cxtraoidinary  ray*  (of 
poUrisod  light)  ^mii<t  be  waating  in  glittw  and  other 
unerystalUaed  substances,  and  that  it  muKt  necessarily 
exist  in  carbonate  of  lime,  quarts,  and  other  bodies 
baring  vtie.  optic  axis,  but  that,  in  thv  numcrouK  cluAS  of 
sub«taiu*es  which  poase-Hs  two  opUc  axes,  both  rays  must 
Qodcrgo  cxtriiordinary  refraction,  and  con«oquciitly  that 
both  mn$tdeviate  from  the  original  plane,  and  the^e  results 
have  be«n  perfectly  confirmed  by  siihsequent  experiments.'* 
'  M.  Melliini,  ubiti^rviug  thiit  thi^  miiximum  [loiut  of 
beat  is  transterred  farther  and  farther  towards  the  red  end 
of  Uie  djKMrlnim,  according  an  the  substance  of  the  prion 
U  more  and  more  permeable  to  heat,  inferred  that  a  prism 
of  rock-Kill-,  which  posKsses  a  greater  power  of  trantimit- 
Uni;  the  calorific  rays  tlian  any  known  body,  ought  to 

■  Wbtwoll,  ifiUvrfi  ■/  luJuttirt  Aieiurt,  3rii  cdll.  vol.  li.  p.  IS3. 
*  Uti.  SoBtorrille,  Ct-aaectim  i^  the  PH^tteal  Scieaeet,  Sod  odit. 
Ik  SIS. 
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tliTow  Ihc  point  of  f;r<.'ut«sl  htrai  to  a  conKidcni^Jtr  ilistonoc 
beyond  lite  vidiblc^  part  of  the  spciotnini;  an  aDticipatioo 
which  experiment  fully  (?oiiltnii<>d,  hj  plucin^;  it  u  much 
1k'J'<'«(J  tin-  dwrk  limit,  of  th«  red  rays  aa  the  red  part  llj 
distnnt  from  the  bluish-green  hand  of  the  epoctrum.' ' 

Sir  Humphry  Davy,  in   tbn   year    1803,  ooDJeetunidl 
that  nil  electrical  decompositions  might  be  polar,  i.e.  the 
Mepurntisl  elements  mij^ht  be  divided  into  positive  and 
negative.     In  the  year  1806,  he  tried  to  test  thia,  and,  by 
numerous  expcrimL-nts,  proved  his  conjectures  to  he 
rect,  and  showed  that  when  a  liquid  wa«  derompoied  hy  > 
electric  current,  it  was  separated  into  two  classes  of  bodie 
powtive  and  negative,  nnd  Mliat  chemical  and  electrical' 
attmctiona  were  produced  hy  the  aaroe  cause,  acting  in 
the  one  eniH.'!  on  particles,  in  the  othur  on  muwefl.*     It  yne 
alM>  with  the  object  of  supporting  thi.t  theory  tliat  he 
tried  to  decompoa)  potash  and  eoda  by  the  aid  of  an. 
electric  current,  and  succeeded.  ^ 

Antteipating  that  a  piece  of  iron  ehan^ng  in  tempe- 
rature whilst  under  magnetic  infiuencc  votild  produoe  an 
electric  current  hy  magneto-electric  indiietioiii  I  bcatedl 
an  iron  wire  to  redaesB  in  the  axis  of  a  coi!  of  insulated] 
cupper  wii-e,  the  cndx  of  which  were  attached  to  a  galva- 
nometer, and  allowed  the  iron  to  cool  whilst  in  contact 
with  the  poles  of  a  mngnot,  and  obtained  the  expected^ 
current.'  ^1 

Mitscherlich,  knowing  the  law  of  expansion  of  calo* 
spar  by  heat,  predicteil  that  it*  double-refractinp  power 
for  light  would  deoreaBe  a8  the  temperature  of  the  «par 
wa«  riiifod,  and  this  waa  proved  to  be  correct  by  experi- 
ment.   The  continuity  of  the  liquid  and  gn«eous  states  < 
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■  Un.  Sooiorrillt),  Coniuvtioi*  k/  the  Phyiical  Seintt*^  iaH  edit, 
ji.  3*7. 

•  See  PnmdiHii4  Uoyal  SoeUty,  ISflfl,  K<».  108. 
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naUffwaa  aUu  ]trt-iiict<-<l  by  HentclieL  In  his  *  Preliuii* 
B^Ducourse  on  Natural  I'bilwophy,'  ItfSl,  page  lf34, 
k  fliggeiiu  Uiat  lit|aid8  and  gases  '  will  ultimntoly  ttirD 
to  be  HeparatMl  by  do  ^uddeo  line  of  demarcation,  but 
inlu  c;tt.'li  olbur  by  iiisvusibli^  gmdatiuiMi.  Tbc  hit« 
tqwiiDient  of  Baron  Cagnard  de  la  Tour  may  be  regarded 
Ma  6ret  »tcp  towurds  u  full  dcmonstrntiuD  of  tbi».'  The 
a^ity  of  ilie  same  eminent  aatronomer  enabled  him  aUo 
In  anticipate  theoreticallj  una  of  th«  great«et  dlBCoverieJi 
ofKarti^liiy,  vix.tiiiit  of  t  lie  rotiition  of  tJie  plane  of  a  l)eau] 
uf  [lulaiised  light  by  means  of  a  maj-uet.' 

Relying  on  the  strength  of  fiode'ti  Uw,  and  the  conee- 
'[Mil  [iriilAblt?  ftxistence  of  a  plane!  between  iSiare  and  Jupi- 
'■a.  \he  Gennnn  aiitronomcrs  even  foriuud  tliL-msflves  into 
a  uwKiation  for  ditoorering  il,  and  wrote  on  tlie  miliject 
the  long-espected  planet,  luiitead,  however,  of  a  single 
plui);l  ouly,  a  large  uuuiIkt  of  xiiinll  onc»  haw  hnrn 
by  watching  that  particular  part  of  the  heavens.  In 
way  Ccriw  aud  Pullafl  were  dist-ovcred  bt-tween  tlie 
1801  aud  ISiM  ;  Vesta,  in  1^07  ;  nnd  n  great  many 
One  was  discovered  in  1845  ;  thi-e«,  in  1847  ;  one, 
IS48;  thrvr.  in  1850;  two,  in  1851  ;  <:ight,  in  1652; 
in,  in  1853;  six,  in  1854;  four,  in  1B55;  and  bo  on, 
tod  altogether  about  158  bax'e  already  been  found.  £>ome 
H  tiuafe  are  not  tnnre  than  alxxit  four  miles  in  diameter, 
>Ulst  others  are  as  much  aa  about  35  rnile^. 

*As  cooD  m  W'heat«tone  had  proved  experimentally 
tht  tlM  conduction  of  electricity  occupied  time,  Faraday 
iCDUuked  in  1838,  with  wouderful  sagacity,  that  if  the 
tQDilucttng  wir«s  were  coiiDect«d  with  the  coating*  of  a 
luge  Leydea  jar,  the  rapidity  of  conduction  would  be 
ItMnied.     This  prediction  icmaintHl  unvprLfiisd  for  sixteen 

'  il/t  ^Tarada^,  br  Dr.  II.  B.  Jane*,  voL  11.  p.  30fi. 
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.  yeaT»,  until  the  submarine  cable  was  Inid  bes^atfa  the 
Channel.  A  considerable  n.-tun]»ti«n  of  tbi;  eWtric  «p«k 
wa«  then  detected  by  SiemeDa  and  lAtimer  Ciark,  sod 
Faraday  at  once  pointed  out  that  the  wire  nuTouaded  b| 
wntvr  n-scmbles  a  I^yden  jar  on  a  [ar^  EwalCt  ao  tltat 
each  ni«8Ba^i<  sent  throiigli  the  cable  vcrtticci  his  nmiark 
of  1838.'  'Sir  W.  Thomaon  viiw  enabled  by  tfaeoiy  td 
aDtict[i»t«  the  fallowing  ourioua  effect,  namely,  that  ai 
electric  cum-nt  paetiDg  in  un  iron  bur  from  a  hot  to  u  mid 
part  pn><liio<>.-<  a  i^uoKug  etTcct,  but  in  a  eopper  bar  tbedTert 
is  eittctly  opposite  in  i-baracter,  tliat  is,  the  bar  becomcf 
heated.'  '  Ttit!  exi^tvncie  of  the  met&ls  potasnum  and  »odiiua 
was  foreseen  by  Lavoisier,  and  their  elimination  by  Dsvj 
WW  one  of  Mic  chief  Krju-trhiipnta  erucis  whitb  L-^tablisbol 
t^voisier's  system.  The  esistent^e  of  many  other  metab 
which  eye  had  ncvorMvn  was  almost  a  DcccsHuy  inference, 
and  theory  liaa  not  l>een  found  at  fault.  No  soonitf,  tno, 
had  a  theory  of  organic  compounds  been  conceived  by 
Profrwor  A.  W.  \VilIiam»i>n  than  ht;  foretold  the  fomntioB 
of  a  complex  subst^uce  consisting  of  water  in  which  bolli 
atomif  of  hydrog^cu  arc  rcpliiccd  by  atoms  of  acl^t7le,  Tlii< 
subatAnce,  known  aa  the  aoetio  anhydride,  was  afterwardi 
produced  by  Gcrliardt.      In  the  subsequent   progress  of 

I  ori^ic  eliemintry,  occurrt-nceti  of  this  kind  hare  been 
multiplied  almost  inde6nitely.' ' 

Bcccntly,  also,  Sir  William  Thomson  has  predicted 
Uiat  in  tlie  phenomena  of  '  electro- toraion '  of  iron  wire, 
•if  the  wire,  rod,  or  tulw  experimented  u(ion  be  stretobed 
by  a  heavy  weight,  then  no  doubt,  the  torsions,  u  well  u 

Fthe  elongations,  under  varying  magnetic  influenees, 

'he   the   reveriM!   of    Miokc   diKcovcrcd.''     Mendlejeef 
also  predicted  the  existence  of  several  new  elementary 

Jcvons,  t^Hciplet  nf/vitntv,  vol.  H.pp.  180^  ISl- 

\  Tiviitaetii/iu  of  fk«  llafalS>c!0tf,  l9Ji,  !>.  5CS. 
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■abaUnoes,'  one  of  which  (g^iUum)  has  been  sbce  di»- 
eoverad. 

As  we  nre,  bowovcr,  only  in  «  feyr  cues  oompletel] 
inted  with  rII  tfao  essential  conditioiis  upon  which  a 
ibenuuumoD  dcpomlf:,  otir  pr«diotiom  of  Uie  rvsulu  of 
ttntnade  expenmente,  oboervalioDs,  and  calculations  are 
afk«D  wrongf:  hut  if  w»  could  in  nil  caso<i  predict  thi 
nsuhsof  research  with  oert»inty,  experiment  and  ot 
ration  would  be  unnecessary. 

SuhKtonoct  and  their  forced  act  oud  rcoet  upon 
other  in  an  alioost  infinite  variety  of  ways  in  ac 
vith  tbe  laws  of  their  nature;  ^ind  as  those  lawe 
dafinite,  mwry  »w(p  comhinntioH  or  arrany«nteni  of  6ocfut' 
tHMtt  yroduce  neiD  I'esulta.  Any  person,  therefore,  who 
combine*  or  amuigc«  >(iib«tAnccs  and  their  forces  in  a  new 
lode*  aod  observes  their  action,  niay  reaaonahly  expect  tO|| 
e  A  discovery,  provided  he  can  ohtaiii  a  eufficienttj 
ipicuous  instance,  or  is  able  to  detect  the  effect, 
itiably  nearly  all  new  discoveries  in  physica  and  cl 
are  mode  eitlii-r  hif  uU^roinff  matter  and 
pouten  untUr  now  eondittoji^,  or  by  the  aid  of  n«w  i 
%mj*rovwl  nuaiu  of  obtervaium',  and  as  icientific  inn 
tigat<>r«  UT*-.  almost  the  only  perwns  cngnged  in  obaen-ing 
forces  and  substances  under  oew  conditiona,  or  in  employ- 
new  iaean«  of  obDerr'aliun,  and  do  w  with  tJie  cx[ 

of  finding  new  truths,  the  great  majority  of  dis^ 
coveries  arc  not  the  result  of  accident,  althou)^b  many  of 
them  are  widely  ditTerenl  from  tboxe  vxpt-cted.     Probably^ 
DO  oiw  would  fay  that  the  geographical  diiieoverieB  madsi 
by  Dr.  LivingMooe  in  the  interior  of  Africa  were  acci- 
dental, although  some  of  litem  were  dtflfcreiit  from  thos 
be  i-xpoelc<l. 

The  following  are  examples  of  discovories  more  truly 

•  a^tmb'al  ,Vnn,  Xo.  V39,  Dec.  Si,  1676. 
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of  an  imeipected  character: — Von  KlaUt,  h  Gcnnaii  p« 

Ute  of  Camia  in  Pomviftnia,  during  tlte  year  1745,  an 

CuuKiu  of  Leyden,  in  1746,  appesr  to  be  Ute  fir^t  wh 

{.observed  th«  property  of  iW-  J/cyito  phial.      Ttie  latte 

vhilit  handling  a  vessel  of  vater  connected  with  an  clecti 

machine,  received  u  sudden  shock  in  bu  arms  and  breau 

by  bringing  the  iniiide  and  outside  of  the  jar  into  coi 

nection  through  Iiih  body.     This  circunutanoc,  on  bete 

publisbtKl,  i:!xoited   much   surprise,   and   Miischeabroet 

'after   receiWng  one   shock,  said   he   would   not   rcoeil 

another  for  the  entire  kingdom  of  France.    The  wonda 

fill  experiment  was  rf^w^ated  in   various  forms  all   ow 

Europe.     The  Abbe  Nollet,  in  the  presence  of  tJtc  king  i 

F*rauce,  ^ent  a  nhock  through  a  circle  of  180  soldiers,  all 

DQ^b  a  line  of  men  and  wire  of  900  toises  in  Icngtl 

^Rod  Dr.  Wat«[i»,  of  Shootiir'x  Hill,  in  England,  sent 

through  a  len^h  of  12,000  feet  of  wire. 

'Tlie  variation  in  the  lougtb  of  the  pendulum  Iteatii 
seconds  at  different  places,  was  lirst  discovei'ed  by  Ricbi 
in  the  year  1672,  wliilst  observing  transits  of  the  fiw 
l^tars  across  the  meridian  at  Cayenui;.  He  found  that 
clock  lost  2  minutes  8  seconds  daily,  which  induced  hi: 
to  determine  the  length  of  a  pendulum  beating:  »e<!ondi 
that  Latitude ;  and  repeating  the  experiments  on  t 
return  to  Europe,  be  found  the  seconds  pendulum 
Paris  to  be  more  than  one-twelfth  of  an  inch  longer  thi 
at  Cayenne.' ' 

Different  (lisGoverie«  occur  witli  very  ditTert-nt  degre 
of  uncxpticteduess ;  great  ones  rarely  come  unawares.  1 
quuuiitative  relatione  of  known  vcieutific  trutlis  iire  all 
rarely  found  by  accident,  because  definite  rosesrchc* 
specially  made  to  find  them.    The  discovery  of  new  qua 

,^.-  4^ 
j^  <'--•        >|aic.  CVHimrlifw  tf  tht  I'tiytical  AMntnv,  Snd  •dit,  pi 
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'  /tv«  raclH  is  iiinially  tlie  inoiit  UDpr<^icUilO(%  and  the 
;  iiMt  uiu>xpected  diBcovcrifis  in  physics  and  chemistry  are 
Lir-oernlly  tboev  of  rare  iiiilitttancM  or  of  i«»lnt(^  p1ien<^ 
laeaiL  of  an  entirely  novel  and  peculiar  kind  j  the  dis- 
rav«ry  of  a  nvw  ck-iuentnry  i;ubEtAtici;  hue  rarely  hwa 
iQcocMfully  predicted  (for  an  exception  to  thia  latter  !itftt«- 
nwot  see  pp.  232-3). 

A  ffw  discovi^ric*  are  also  made  by  penronit  engaged 

ii  arte  and  manufactureB,  who  occasionally,  but  much  leee 

faiqiiently,  also  obscrt-^  matter  and  its  forcm  iindt-r  new 

wciitiutanoe«.    Sucli  discoveries  are  more  truly  matters 

t(  Kcident,  becsus«  thnso  who  inukv  thvm  an>  not  iwareh- 

bf  for  new  (niths,  and  therefore  find  thera  more  unes- 

fMt«dly ;  oianufacturefH  also  are  rarely  scientific  investi- 

giixre.    In  art«  and  inaniiftictnro:<  ttiv  procc^iw^  are  ntitially 

>pw  a  lar^  »cale,  and  this  sometimes  makes  Uie  sew 

(Act  eonspicuouE,  nnd  cauM-s  it  to  be  observed.     Ah  an 

tMaooe  of  mcb  *  accidental '  discovery  may  be  mentioned 

finding  of  the  so-called  '  hydro-electricity '  produced 

rUie  friction  of  water  and  ttcam  against  the  fides  of  a 

.    The  first  fact  of  tbia  kind  wat)  observed  by  a  work- 

att^ndin;;;  a  steam-boiler  at  Newcastle,  who  found 

Am  he  received  electric  shocks  if  he  toiKihcd  tlie  Imiler 

living  the  blowin)^  off  of  tlie  steam.     The  true  cause  erf 

Ibe  pbenomcnoD,  however,  wa.*  discovered  by  Armrtrong 

md  Faraday,  who  investigated  the  action.     The  static 

fiectric  chargo  acquired   by  insulated   electric-telegraph 

cMi^  by  contact  with  one  end  of  a  voltjiie-ljattj-ry  was 

al*o  first   observed  by  practical    persons,  and    afterwards 

scientifically  iuve^ligateil.     Inj^enious  persons  enjjugcd  in 

dereloping  im[>rovements  in  arts  and  manufnctiireji  some- 

Uuies  consider  they  an;  making  dieooveries  wlien  they  are 

reaUy  uuiking  inventions  {i^.  applying  known  trutbs  in  a 

new  vny  to  some  useful  piurpose)  simply  because  they  hare 
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not  oarefolly  oonsid«re<I  th«  differeDce  between  diacavMj 
and  invention.     IT^iially,  however,  thv  objccl  of  maniHj 
facturers  and  tradesmen  is  routine,  and  entirelj  0[: 
to  tJie  making  of  theoretical  experiments  of  any  kittd. 

In  mitny  ease«  ve  muku  a  number  of  uxperiraeot 
Mtcb  with  a  definite  object,  but  do  not  make  a  disoovayJ 
for  examplt',  frajjmcnts  of  oarhon  nnit;ht  be  immvnwd  in  i 
thoiixaud  different  liqiiidn  in  the  hope  of  diiwolving  it, 
without  our  bcin);  able  to  find  a  solvent ;  I  have 
fully  immerwid  it  in  a  great  number.     Every  experienc 
investigator  in   physics   and  chemistry  makes  ntmier 
experimeutji,  tht?  rcwtiltK  of  which  are  consigned  to  oblJT 
because  they  are  either  negative^  inconcltidive,  or  of  tri^ 
value.     Long  periods  of  time  have  boen  ocenpied  in  ttix^^ 
books  ransaeked  for  information,  »n  «ndU>««  number 
hypothesise  invented,  rare  specimens  of  nature  and 
obtaint^,  ooniplit-atisd  and  expensive  nppanituMs  de*if 
And  constructed,  rare  and  valuable  subetasoea  consume 
but   all  to   no  offectuul  ptirpose;   nature  has   either  nfl 
•eoret  to  yield  of  the  expected   kind,  or  we   bare 
employed  the  proper  method  of  finding  it. 

In  (ilher  cases,  we  seardi  for  one  flung  and  find 
totally  different  one.  The  planet  FaUas  was  discovc 
by  Dr.  Olbi-ra,  a  phyAi<-iiiu  of  Bremen,  whiUt  aeaiwli 
ing  for  Ceres  among  the  stars  of  the  con»it«Ilalio 
Viigo.  Even  in  two  hoiii^  it  vrnt  ohxcrved  to  have  a 
oq|itihle  motion.  Rnidley  also,  searching  for  an  umi 
panlbtx  of  tlie  fixed  stars  di»ii'.ivered  the  '  uberratiOD  i 
tlie  fixed  stars,'  and  subsequently,  also  th«  nutation  (or 
nodding)  of  the  Eartli'M  tuu&  '  It  appears  clear,  on  con- 
sideration, that  since  light  and  tlic  ^pectAtor  oq  the  earth 
iu«  both  in  motion,  the  apparent  direction  of  an  object 
will  be  determined  by  the  coiopo^iition  of  these  motion*. 
BuLJH^MkffiWt  of  this  composition  of  motloDS  was  (aa 
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in  ffucb  cM»)  tnotd  m  •  fact  in  observatioD 
tefitttf  il.  Wiu  cltArly  seen  as  a  voitsequence  of  reasaaititf- 
rhis  fact,  the  '  abemttioD  of  li^^ht '  (or  tfav  *  ftberratiou  of 
ibe  fixixl  »l.'int,'  m  it  ia  called),  *  tlie  gn-titesl  aHtmoomical 
dttcbvery  of  the  eightceotti  century,  belont^  to  llnulle}', 
who  waa  tlmu  Profi-*(orof  Aj<t«momyat  Oxford,  and  after- 
Wiml»  Artronoraer  Koyal  at  Greenvrioh.  Molyneux  and 
Bradli-'j,  tu  1725,  Ixigaii  a  scries  of  ol^crvations  for  the 
puTpoM!  of  ascertaining,  by  obftervatiaiui  n<:ar  the.  zenith, 
the  exiiiteDoe  of  an  annual  parallax  of  tbo  fixed  stars, 
viicb  Hooke  liad  lioped  to  tk-trct,  anil  Flnintftvad  thought 
b  bad  diooovered.  Bradley  soon  found  that  the  star 
oWrrcd  by  liim  had  ii  tniiiiiK:  apparetit  motion  differuot 
from  that  which  the  annual  parallax  would  produce.  He 
Ikoagbt  of  a  nutation  of  the  eurth*s  axis  ae  a  mode  of 
icecRiiititig  for  tluH ;  but  found,  by  conipurisou  of  a  »tar 
M>  thi^  other  side  of  the  pole,  that  this  explanation  would 
bH  apply.  Bfitdley  and  Molyneux  then  ooiuidered  for 
•  BKime&t  an  annual  alteration  of  lignre  of  the  earth'B 
■toospbcre,  such  ok  mtf^fat  uScct  the  refrnetious ;  but  this 
llfpothfsia  was  soon  rejected.  In  1727,  Bradley  reiiuined 
hii  obaerTattotis,  witJi  a  new  iastniment,  at  Waostead,  and 
tlMined  ciopinuil  ndes  for  the  gban){eM  of  declination 
n different  stars.  At  last,  sixidcnt  turned  Ma  thoughts 
tt  the  dintctioD  ill  which  he  wu»  to  find  tho  cause  of 
Ike  mriationa  which  he  had  discovered.  Being  in  a  boat 
n  the  Thames,  he  observed  that  the  vane  on  the  top 
•if  Uta  ina«t  gnve  a  diflTvrent  apparent  direction  to  the 
find,  as  the  boat  sailed  one  way  or  the  other.  Here 
Ha  an  image  of  his  ca«! ;  the  boat  represented  the 
Nftb  moring  in  difTi^rent  directions  al  dilTeient  «;asons, 
■d  the  wind  represented  the  light  of  a  fttar.  Ue  had 
now  lu  lrao<j  tlie  conj^ipu^nu^  of  this  i'lwi;  he  found 
that  it  led  to  the  empirical  rules  which  he  bad  already 
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discovered,  and,  in  1729,  be  gave  bis  discover;  to  the 
Ko^al  Ir^ocioty.  His  paper  i»  a  verj  bitppj  nuirutive  of 
his  iKboun  and  his  tlioiighU.  His  theory  tra<t  so  souiui 
that  no  astrooomer  ev«r  contested  it,  and  his  obsenrationi 
were  so  aocurute  that  the  quantity  which  h«  aft<igQid  ai 
.  the  greatest  amount  of  the  chan^  (ooe-ninetieth  of 
degree)  has  hanlly  U-cii  corrvctitd  by  more  rvccot 
nomcnt.'  '  When  Bradley  went  to  Greenwich  as 
Itoyal,  he  continued  with  porscrviance  obecnatioDS  of  I 
same  kind  a*  those  by  which  he  detected  aberration.  TV 
result  of  this  was  another  discovery,  namely,  the  rerjr 
notation  (or  slight  oscillalion  in  an  i;llipticiit  orl»ti  of  the 
earth's  axis)  wliich  he  had  formerly  rejected.' ' 

Similarly,  it  was  whilst  gearching  for  certain 
of  tomperature  by  passing  an  electric  cnrrc-nt  tbroii^h  IW) 
mrfaces  of  mercury  immersed  in  an  alkaline  solution 
double  cyanide  of  mercury  and  potassium,  I  unexpected! 
discovered   quite  a  different   phenomenon,   viz.,   thai 
electrolytic  vibrations  and  snimde. 

In  other  cases,  acting  upon  the  conviction  that «' 
new  eitporimc'ut  produces  new  results,  even  though  I 
may  not  in-  iiinuifest,  or  of  a  kind  we  coold  predict, 
make  a  series  of  new  experiments,  hoping  that  ami 
the  nunicroufi  now  (■ffocts  wimo  may  be  conspicuous;  i.i 
we  search  fw  nonuOdng  new,  v}f.  know  not  wluti,  a>wl 
ind  it.  For  instance,  I  once  electrolysed  a  Uirge  varii 
'mvtallit;  solutiiwis,  one  nf  which  was  a  mixture  of  t 
chloride  of  antimony  and  hydrochloric  awid,  containing  «J* 
anode  of  antimony  and  a  cathode  of  platinum.  Harhi^ 
.obtained  a  thick  deposit  of  the  metal  of  bright  ateel-lib^ 
'appearance,  I  attempted  to  remove  it  from  the  catbod9» 
when  it  suddenly  shattered  U>  tjnall  particles  with  evoIutioK' 


■  WUrwell,  ffulwy  of  tadticHtt  Seiencet,  3nl  eiltU  foL  it.  p.  SOL 
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of  c(nisi(ierable  heat.     This  was  the  on'fpnof  the  so-called 

explosive  an  tim  on  V.'  rMiVwMiiisntlyiiivi-sti^pitfJ  tlio  |>hft« 

DOCttftiDn,  and  foimd  that  by  slightly  scratching  a  thick  piece 

of  the  sobstauce,  tiw  t^'inperiituif  it  sudihriily  noi^uirod  vra« 

MnK'Umee  Dearly  as  high  as  700°  F.'     In  nFimitannaDner, 

by  subjecting  n  largu  Dumber  <tf  eiilisUinccii  in  succession  to 

ocmtact  witlt  li<)uef)ed  nnhydroiis  hydrnchluric  acid  under 

ftty  great  pr«wure,  I  discovered  tiic  singidar  circumstance 

Uiat  by  contact  of  a  porous  piece;  of  caustic  U>d«  with  lliat 

Uqaid.  contrary  to  expectation,  the  two  bodie;)  did  not 

dieinically  combine,  nud  thi^rcrfort;  tb<it  neither  water  nor 

dloride  of  calcium  was  formed. 

from  these  Tarious  comridcriitions  and  iuirtsnces,  it  is 

vrident  that  th«  mo«t  unfiiiyectcd  di.-ieovery,  or  even  a  dis- 

tercfy  contrary  to  expectation,  made  by  a  scientific  man, 

a  nsuallj  a  result  of  definite  Miureh,  and  thiit  the  tenn 

^ucidcntul'  is  in  nearly  all  caaea not  strictly  applicable  to 

tbe  (tisooreries  made  by  soieutlfic  investigatore. 

■  8m  Tnmtafiiitnt  of  lie  Itoj/al  Saei^y,  lUJ-iS.  aoi  1803. 
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PART  III. 

PERSONAL  PREPARATION  FOR  RESKARCB. 


CHAPTER  XXVII. 

PtnSONJlI.  COKMT10K8  OF  SD0CKS8  IK   BBSURCB. 


Wto  ure  the  (;i««t1 
Those  who  have  boldly  vpniiirpJ  to  ncploce 
Uiwomiikil  sais,  uud  liin^M  uuknovru  befoK — 
SOHtd  on  the  wings  of  ocicnn^  widn  nnd  tax, 
TAematvA  the  auu,  uud  wei^^hed  each  dUtant  star — 
Pierced  tho  dark  dcpthx  of  omui  and  of  «ni*tb. 
And  brought  uucoutited  wonders  iuto  birth — 
Itepolled  the  peatilenu',  nititi-iiiiiud  tlw  Ktom, 
And  given  new  besiuty  to  the  humun  form — 
Wnknnrd  th(*  voice  uf  reiuion,  and  iinfurlod 
The  page  of  truthful  huow|pf1j>¥  to  the  world ; 
Thojr  who  hare  toilud  and  studied  for  nuuUcind— 
Aj>)used  tike  slnmboriDg  virtues  of  Ihc  mind — 
Tknght  na  ii  Uiousiuid  blessingfi  to  creitt« — 

The§e  aiw  thn  nohly  great. — ^Peiscb. 


Tbs  ducuvery  of  important  scientifio  truthtt  ia  an  act  nv 
[  se&rly  allied  tbaa  any  other  to  that  of  creation ;  even  \ 
jaiurientB  recognised  thii;,&nd  classed  great  diitvovcrer8(a 

even  inventors)  with  the  gods.     It  is  not  usually'  the  m- 
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ur  the  moat  popiilir  suivntific  miui,  nor  hv  who  is 
rilly  th<^  most  usiiffiil,  who  makt^s  the  gri^au-nt  dit" 
iee,  bat  the  Iraa  ksooii  ud(1  tbe  1%^  upprc«iatcd  pro- 
thinker  »ii<i  indiiKtrious  orij^iujil  work<.!r.  A  inaQ's 
ability  in  ncieoce  in  much  less  to  be  measured  by  bis 
ieil  fcabi  tbsn  bv  hi«  inUJIratiial  imex  ;  and  alw)  much 
h^  Lite  popularity  accorded  to  tiim  during;  his  life  by 
ly  sck-titific  pcrKmv,  tliau  by  th<;  honour  ningncd  to 
by  raoce^diug  wiontilic  philosophers.  The  glory  of 
Sfvton  and  of  Faradiiy  has  &tr  outKhune  that  of  tbe  most 
cspovilor  of  wicnce. 
diKoverer  alone  can  best  describe  the  toental  con- 
nwatial  to  vucct-^ftil  n^icardi,  or  liy  which  dixco- 
ue  made,  because  lie  alone  can  best  realise  the 
process  pawed  through.  But  even  he  csu  only  do 
IW-Ily,  because  of  the  difficulty  experienced  by  tbe 
in  obiervini;  its  own  actions.  In  dificovorin^,  much 
sucixsK  (I'-iiriid!!  upoti  tbe  man.  Tbe  greatest  di»- 
rw|uire  a  ;;ift*^d  and  an  active  mind  acutely  im- 
ibt«  by  the  liligbtcst  really  excr.-ptioual  circuniNtance, 
pemoDid  qualilications  for  achieving  Rucceaa  in  physi- 
diemical  research  are  various ;  the  mo!-t  important 
inherent  sentitivefic:**  to  particular  iinpn'KMii>iin  of 
,j  and  diflerenoe,  an  ardent  spirit  of  enquiry  and 
suitable  and  tufficicut  knowledge  of  science, 
ccicDti6(:  ijiiagiDatioR  and  fertile  invention,  acute 
g  Eaculties,  accurate  reasoning  power,  and  apti- 
in  making;  expcrimcat«.  A  ibicoverer  inimt  be  able 
to  imagiac  hypolhe^tt,  invent  means  of  testing  them, 
Bieipnlate  in  expcrimeuts,  and  infer  cauw«  and  cxplsoa- 
timi.  The  humltlc  laeultic^  of  indomitable  industry, 
pMJencc,  and  peraeverance  are  constantly  required  to  per- 
fcnn  the  drudging  portion  of  »<'arching  for  new  truths; 
Ok  (iftcultic*  uf  imagination  and  invention  arc  frequently 
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etntinctt  to  a  high  degree  in  conoeiviDg  bcw  h^potlMta 
and  devising  means  of  teetiof;  Lbc-m ;  uDd  the  lojrical  tir  ^ 
reaMning  imxtct  jx  <.-o;itiiiiiany  employed   in    eiptaiii]ii| 
phonomenii   and   in   tracing  connections   bntwwuD 
Some  invvHligatiire  arv  gront  in  making  experimeots  < 
observations,  others  in  raising  bvpntliesee,  soto?  in  «u 
taily  predicting  qcw  rc«ulti<,  and  so  on.     PHv»Oc^y  aade  i 
grcHt  niimlH^r  of  ncpri-imeiit".     Tycho-Krahe  made  an  En 
messe  number  of  accurate  observations ;  KepW  w» 
of  wild  and  fanciful  hypotbcsdn;  Sir  J.  Hcr^chel  wasi 
usually  successful  in  predicting  imporlant  new  reeultf. 
•omc  McifMiti fie  didcoviTcr^  the  logical  luid  not  the  mat 
matical   faculty  is    largely  developed;    Faraday  vu 
example  of  tliiu ;  in  otbcrs,  botb  arv  combintM].    TIio  i 
common  defeoTs   in   Kcicnt.ilic   invi^stigators  are  want 
peraovoranci!  and  industry  in  experiment*,  and  deGuii 
ability  in  divcK^ming  true  ezplanationK.     Am  Uteie  b : 
royal  road  to  learning,  neither  is  there  an  easy  path 
tlid  diflwvtrry  of  gn-iit  R-icutilic  tnittiK.     It  Tux6f  a 
greater  degree  of  mental  power  to  diteover  new  BCtenl: 
koowlodge  than  toacqtiiro  and  communicato  thatwhidij 
known. 

Clearness  of  ideas  is  one  great  condition  of  success 
iicii^ntilic  di.Hcovcry,  hut  Ihi-  ideas  muttt  not  only  be' 
but  also  be  suitable.  'The  op<^ration3  of  the  miad 
well  as  the  infoMtiutioD  of  the  sensos,  ideas  as  FcU  : 
facts,  are  requisite  for  the  attjiiiimi^nt  nt  any  l(n(.>u'led^( 
and  all  gn-at  dijicoveries  in  Hiieoce  require  a 
distinctness  and  vividness  of  ihnugbt  to  the  discov 
Till*  it  i*  dilTicitH  to  exemplify  in  any  l>etter  way 
by  the  discoverers  thetuM^lvp^  Both  Davy  luu) 
po«»c«scd  this  vividness  of  mind ;  and  it  waa  a  con»eqiieiH« 
of  tbie  endovmient  that  Davy's  lectures  upon  chemif'rv, 
and  Faraday's  upon  idtuost  any  subject  of  phystical  philo- 


DkFISITIO.'U  OF  SCIRKT1P1C  nKXIUS.  243 

iT,  wore  of  the  most  briliiaDt  »n<I  i>4ptiv»tiitg  cltamcter. 

In  'ii<«>>vvriD};  the  culture  of  voltaic  action,  tJie  essential 

tnleilectaat  r«c)uijidte  wta  tn  lmv«  a   distinct  conception 

of  that  which  Faraday  expreSGed  by  the  remarkable  phrase, 

*Ar  <ixi^  of  poum-  hiwinff  equal  awl  i/ppij«ite  fvrees." 

AdiI  the  diatinctnecs  of  this  idea  in  KaradavV  mind  ehin«H 

brth  in   werj  port  of  his  writin^^^.*      'lie   upprar«   to 

powem  tliK  id<'a   of  (hix  kind  of  force   wilh    the   same 

tmiiKot  distinctness  with  which  ArchiniMips  in  the  ancient 

and  SteTiniLi  in  th^  modorn  hintuty  of  science  poi»(.-A;«d 

the  itk-a  of  presure,  and  were  thus  able  to  found  tlie  idea 

of  tnKluinics.     And  when  he  cuinol'  obtain  tliL-sc  distinct 

nMd»  of  Gonc«[>tion,  ho  is  dt«iiatii<fied,  and  coneiciouH  of 

lUbct/i 

The  mental  faculticA  of  great   scientific  difcoveren, 

■'  ■  'h   more   penetrating;,  truthful,  and    acciu^te   than 

f  men  in  general,  are  Umited  by  the  MUUe  general 

I'Mis.     'Many  of  Uwsf  who  Imvi-  madt^  very  gn-at 

•-ir^'M-^ries    have   lalmiired    under    the    imperfection    of 

l^);lit  wliich  was  the  olffitacle  to  the  next  step  in  know- 

lalge.     Thoui;h   Kttpli-r  deteot«d,  wit.}i   great   ucuteoisr, 

tin  Dumericfll  laws  uf  the  ttolar  tn'stem,  he  laboured  in 

^D  w  cowra-ivf  the  Very  »inipli^t  of  thi^  laws  of  motion 

which  the  paths  of  tlie  planets  are  governed.     Thougti 

)c\'  mode  mine   important    Kteju  in  diemistry,  be 

'lid  not  bring  bis  mind  to  admit  the  doctrine  of  a 

'■-nil  principle  of  oxidation.'     'To  err  in  this  way  is 

i-U'  Itit  not  only  of  men  in  general,  but  of  men  uf  gr«at 

L    mdowtnenl);,  and  veiy  sincere  love  of  truth.'  * 

tluffnn  i«id  that  scientific  gt-niiu '  i*  only  protracted 
^ence.'  Cuvier  said :  *  In  the  exact  fcienoe*  at  least, 
ttii  the  patt<.-nce  of  a  aound  intellect,  when  invincible, 

'  Ulicwi'l!.  UiMrrf  ff  tnilnftirr  Seifivitt,  vol.  Ui,  Srd«d,  p.  HI. 
'  Wlii^wvi!,  PkUMtfiig  li'ihf  /mttirritt  SeitHtra,  veU.ll.  p.  176. 
R  2 
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whtdi  tnily   conettitutt^   f^niua.'      *  Tniiiiito  patinnco 
the  Uriily  licicntilic  ttpirit.' '     HvlvvtiuM  i^itl :  '  Groitts 
not]\in|r  but  a  oontinued  at;t«»tion.'    And  Lord  Cbestcr-' 
6eld  remarked,  -  that  tht^  pawer  of  applying  tli«  attention 
ctMdily  nnd  tiiiditvipdtvdly  to  a  siiij^lc  object  le  a  am 
xasuk  of  a  superior  g«nius.'     A  getuus  ia  usually  on«  wlio, 
wliiltit  young,  citlicr  inherited  or  acquired  a  Htroug  lowka 
for  some  portion  of  Ibe  ^eat  domain  of  iiatural  trut^H 
either  ia  sck-noe  or  art ;  a  i^ood  example  of  it  may  lie 
found    in    *The    Lifs    of    a   Scotch    Naturalist,'    l>jr 
Smilefl.    *  Oddities  and  eingnlarities  of  behaviour  ma 
attend  gentuit;  when  tht^y  do,  th«y  arc  it«  misfortunes  m 
itA  blemi&hee.'*       'Men   do  not  make  their   bomoi  » 
happy  becauM^  they  have  g[cniiiK,  but  iM^caiue  they  ba^ 
not  enough  geniu;?^'  * 

That  fp'oat  diecovcrvm  have  Home  of  the  weakneases  i 
ordinaiy  men,  is  nhonn  both  in  ihe  iusttinof  of  th«  illu 
trious  Newton  and  in  that  of  the  oelekmted  philosophi 
Ciivi-nduih.     'Sir  Iwiac  Newton  wa«  probably  the  ab] 
man  of  his  a^e.      He  kept  secret,  for  a  time,  bodm 
hi«  grfato]ct  diHcuvcricii,  for   fear  of  the  notoriety 
might  bring  him.     His  discovery  of  the  binomial  theorei 
and  it«  mo^t  important  uppHcations,  as  well  as  bis 
greater    disooveiy   of   the    law   of   gravitation,   was 
published  for  years  aft«r  they  were  made ;   and  vlicfa 
commimicstcd  to  ColUni)   liii^  nulution  of  the   theory 
the  moon's  rotation  round  the  earth,  tie  forbndi.-   bim 
ioBert  his  name  in   connection  with   it  in   the  "  Phila 
fophical  Traiixactioii)'."  tnyiiif;, "  It.  would,  perhaps,  iacrciiM: 


my  acquaintance — the 
decline.'" '  * 


tiling  which    I   chiefly   Ktudy 


'  J.  Morloy.  '  filr  W.  Traiplff.  •  ICorAiworai. 

•  CS»ini«r«r,  li}r  &  BatilM,  p.  220.   Consult  alio  lli« /^/ryOmNAd 
p.  ISA,  bf  G.  VilMKi,  in  ibo  WnrL*  uf  the  Ckvendiih  tk)cicl]r. 
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at  ts  largely  an  inuate  quality,  rendered  manifest 

ittanctf.     It'  wu.'!  thf  aecideat  of  tbfi  roaf  of  his 

cottage  ooiniag;  down  that  tirat  turned  Ferg;uRon'a 

ition    to    mvchanical    coiitrivuiicu.      8tK-)i    arc    tlio 

wliich  i»(ten  develop  genitiB,  and  probablj  even 

io  part,  its  direction  and  peculiar  character.     The 

t  engineer,  John  lii^ntiio.  »»vd  to  trncc  hi*  first 

in  regard  to  the  powere  of  machinery  to  his  having 

,  when  ft  boy,  in  consequence  of  the  bn^king 

of  a  iiridge,  to  go  one  winter,  every  morning,  to 

by  a  circuitous  road,  which  curried  him  paet  a 

wfatr«  a  thn»»hing-innchiu«  wa*  generaJly  at  work. 

Lp»,  had  it  not  heen  for  this  casualty,  he  might  have 

:ed  another  profcsoion  than  the  one  in  which  he  no 

distinguished  himself.     It  wna  the  nppt^aranoe  of 

celebrated  comet   of  1744  which   iiret  uttrtictc<l   (lie 

inntiiiD  I'f  I-'ilaiide,  then  a  hoy  of  twelve  yeari  of  age, 

lOiny.    The  great  Linnieus  was  probably  made  a 

It  liy  the  circiimstaucc  of  his  liilh'T  having  a  few 

oncommou  plants  in  his  garden.     Harrison  is  said 

been  origiitalty  inspired  with  the  idea  of  devoting 

Ui  the  coQstriioting  of  marine  timepieces  by  hia 

in  view  of  tlic  sea.' ' 
an  e»ential  condition  of  success  in  retiearch  that 
iveetigator  should  possess  (wo  apparently  opposite 
I,  viz.,  freedom  from  bias  in  &vour  of  old  viewM, 
openness  of  mind  for  the  reception  of  new   ones, 
lily  prejudiced  person  can  bo  a  good  investigator, 
prejudice  mi^fleadii  the  senst^  in  ohsterving  rea^ultH, 
I  ind  the  facidties  of  comparison  and  judgment  in  detecting 
VMembUmccH  and  interpreting  phenoniona.     Original  re- 
93ich  requires  a  man  of  independent  thought,  because 


•  ZU  Fantit ^ Jbmrktiee  wi/lfr  D'tfiffvUic*,  f,  StQ. 
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ecienc>e  ignores  meK  autfaoritr  and  requireit  in  iU  kU 
reosmuibltt  «vidrnoo;  it  rr<iiiires  us  a1«o  to  sot  aside 
htitnan  pride  and  approach  the  suliject  like  a  little  <;bil 
As  scientific  reH-urcli  camiot  create  nev  truths,  but  can  < 
reveal  to  ua  tlioae  whioh  are  coiuiitent  with  the  ta 
nature  of  thin^,  we  roust  accept  tiose  truths  wh«t 
they  harmonise  with  our  preconci'ivvd  idui^  or  not.  It| 
an  important  qualification  of  a  diaooverer  that  hcsh 
consider  the  limits  of  his  owti  faculties,  and  not  att 
that  whicti  is  unatlainalile,  nor  on  the  other  hand  bei 
coiirii|;if!d  by  difHciUtiee  from  attempting  that  which  spp 
to  be  within  his  power.  The  principles  of  rectitiid* 
tho  piirpitit  of  M;ientilic  tnith  ret|uir(!  the  invcsti;fat«Tl 
treat  that  aa  certain  which  is  certain,  and  that  as 
certain  which  i*  no;  in  enlertaio  ouly  a  cautious 
of  ttatements  which  cannot  be  proved  or  dtoproved,  i 
which  therefore  may  bv  true  or  false ;  and  to  rely  i 
Iiypothfisea  only  as  far  as  they  are  supported  by  tvU 
An  investigator  i^hould  »Uo  bu  able  to  weigh  the  taliiet 
Kcicntitic  evidence,  and  lo  estimate  to  aome  Kxt<>nt  tb 
Illative  degreeB  of  generality  and  importance  of  differed 
scientific   tnitlis.      In   con^efpii^nce  of  the  great  puUij 

[iKDelita  which  have  already  resulted  from  the  applic 
j|f  science,  the  scientific  mind  is  fa^t  becoming  reoogni 

being  pro-eminently  the  tnithful  one.      Keject 
which  is  false,  and  hold  fa»t  that  which  is  true,  i 

Ligreat  characteristic  of  Newton,  and  must    be  of  «» 

f*aentific  investigator. 

Great  power  of  attention  is  another  condition  of  e 
I  research.   *  The  difference  Itetween  an  ordinaiy  mind  ani 
the  mind  of  Xewt'>ii,  con»i^l>  principally  in  this,  that  the  on^, 
icopahle  of  the  application  of  amoreoontinuouaattcvt 
Uuin  the  other ;  th;it  a  Xewton  is  able,  without  fatigue,  I 
ce  with  iiif'-n-nce  in  one  long  series  toi 
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a  detenuiiMkli*  end  ;  while  tb«  man  of  inferior  capability  i* 
itooD  obliged  Ui  break  or  let  fttil  tlte  thread  which  be  bad 
bag^uD  to  tpio.  This  is.  in  fact,  wbat  Sir  Isaac  Newton, 
with  equal  modesty  and  »fi  re  miner's,  luin^rlf  udmitt^rl. 
To  ont  who  complimenled  him  on  hie  genius,  he  replied, 
'  that  if  he  ha^  madv  any  discoveries,  it  was  owiii-;  more 
to  patient  attention  than  to  any  other  tslent.'  * 

Modoty  of  chnriK'lcr  is  especially  fiirourubln  to  original 
•cientilic  research.  The  late  Dr.  T.  Chalmers,  in  his  *  EdSay 
OD  the  ModMty  of  true  Science,'  »y«  of  Newton:— 'He 
wanted  no  other  reeommcndation  for  any  one  article  of 
acionce,  than  the  recomcoendation  of  evidence,  and,  with 
this  reoiiinK-iniiilion,  1k>  opened  To  tt  the  chumlH-r  of  hit 
miitd,  though  itiilbority  sninled  u|>on  it,  and  tiuiU:  waddia- 
({iMtMl  by  it,  Ktd  fashion  vsd  lubamcd  of  it,  and  &U  the 
be«ittcoii«  ([Kfiilatiiin  of  forcnrr  day!*  wan  crik-lly  bmkon  . 
up  by  thin  aunoimci^ment  of  the  better  piiilosophy,  and 
•ciittrr<>d  lik«  tlw;  fra<{itu>ut«  of  an  acriiil  viinon,  over  which 
the  past  generations  of  the  worid  hjid  been  Bbimboring 
tiM-ir  pfOluund  and  pluiBiiig  rvveric.  Jtut,  ou  th<^  othtir 
band,  sltould  the  article  of  science  want  the  recommenda- 
tion of  cvidi-nco,  be  shnt  nc^inet  it  oil  the  avenues  of  his 
imder«iaiidiii^,  aii'l  llioiigbidl  anti<{itily  lent  their  sulTra^i.'« 
lo  it,  and  all  eloqu-.-nce  had  thrown  around  it  the  mo!<t 
ottcaotivu  brilliancy,  and  all  habit  had  iocorponitcd  it  with 
every  My»1ein  of  every  seminary  of  Europe,  and  all  fancy 
kail  armyod  it  in  the  graces  of  the  most  temptiiij^  solicita- 
tion, yet  waa  the  sti>ady  iiud  inlK-xiblc  mind  of  N<<!Wtoa  ' 
proof  against  this  whole  woijtht  of  authority  and  allure-^ 
iiM*Dl,  and  cutting  his  cold  and  unwelcome  look  at  thft 
Rfiecion!!  plaasibility,  be  rebuked  it  fmm  bU  [ira-«-uce.' 

Another  pcrwjnal   condition   of  grcml    importance   to 

^^^  ■  Sir  W.  UamilloK,  ZortHnsus  JMujviydM.  J 
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research,  ia  the  power  of  detecting  essential  roecmbloncee 
ftud  diffiTuiuK-s,  amidst  mere  iipparvut  1ikcn«i«  otdivenalj^ 
and  fusociating  logt-tlit:r  iiitriiiMcally  similar  pbeaomena. 
A  dieeovFTCtr  compun-s,  and  then  chooix*  snd  rcj<H'1«.  It 
U  oft«n  by  detecting  iiomv  real  similarity  between  the 
resulta  we  have  obtained  and  some  other  known  pbi-no- 
mctu,  that  wc  nrv  ]cd  to  uetiiime  that  tlwy  an-  duo  lo  ttte 
s&me  cause  or  caiiaea.  An  investigator  must  alan  poasees 
a  kceu  perception  of  faUiicy  in  order  to  detect  quickly  bbe 
hypoDitittii  and  i^xplaiialiun^.  Some  inv«itJg;ator:<  are  more 
apt  to  lail  in  finding  the  true  explanations  of  tbtHr  ivHtdt«, 
than  in  dUcovi-ring  new  phi-n»iD«na ;  otbers  are  better  able 
to  di^'cover  quantitative  relations  of  known  trutJlsthim  new 
quulitutive  fiu:t».  No  ditcorurer  tees  the  truth  all  al  once, 
but  has  to  make  numerous  guesses,  nearly  the  whole  of 
whifh  an^  errouMiti^,  bt^fort;  he  dft«ct«  the  tnic  «ne^  and  in 
thia  way  the  errora  of  a  great  man  are  more  numerous  than 
those  of  a  lesser  one;  the  greater  num,  however,  uipo  hii 
errors  iu  the  Inid,  whilat  the  leuer  man  allows  them 
flourish. 

Every  great  investigator  makes  a  great  number 
hypotheses,  but  rarely  publitJies  more  than  a  few ;  Kepler, 
however,  published  all  Ids  ideas  indiscriminately: — 'The 
viyMicfil  part  of  Kepler's  opinions,  as  his  belief  in  mtra- 
logy,  his  pr^r^uusiou  tliat  the  earth  was  ui  animal,  and 
many  of  the  loose  moral  and  Kpiritnal  tia  well  a«  sensible 
analogies  by  which  be  represented  to  himself  the  powers 
whii-h  hi-  Kiipposed  to  prevail  in  the  uuivcrw.-,  do  not  appear 
to  have  interfered  with  his  discovery,  hut  rather  to  have 
stimulated  his  invention,  and  animated  his  exertiooa. 
Indted,  where  tht-re  are  elear  scienlilic  idi^s  on  on« 
subject  in  the  mind,  it  does  not  appear  tJiat  mysticism 
on  oi\wT«  ii  al  all  unluvourable  to  the  suoee«itful  pruwou 
tion  of  research.* 


UrLKR'ft  KMROIttKiUa  iiTrotawB^ 
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'  I  conwicf',  then,  tlwit  we  mny  consider  Kepler'a 
cbanctcriu  omluiiiiug  thi-gviiural  ft-uturc«of  thcckktncU'r 
of  K  soientitic  diMoverer,  tbotigb  same  of  the  features  are 
exagseraUd,  sod  anne  too  fcubly  marked.  His  spirit  of 
iovendon  ina  asdoiibtedty  very  ferlil*^  aud  ready,  and  thin 
und  hia  jKraeveranoe  served  to  remedy  his  deficiency  in 
mitlheiiuitical  artifice  and  motliod.  But  the  pL-ciiUur^ 
ptiyaiogDomy  iii  given  to  hie  inteltcct^uil  aspei^t  hy  liig ' 
dwelling  on  those  erron«m)(  trains  of  thought  nhicb  other 
pmoBs  conceal  from  tlie  world,  and  oflvn  tlK;in«elve« , 
forget)  because  they  tind  means  of  stoppinj^  tbern  nt  the 
mtMt.  In  the  be^nningof  his  book,  Arffiimenta  Capitiim, 
he  Mys  "  If  CliriHtoplKT  ('olmnhiw,  if  Magellan,  if  the 
Porto^ueso,  when  they  narrate  tlicir  wanderinRs,  are  not 
oQly  exotued,  but  if  we  do  not  wiidi  thest^  prntxn^s  ninittod, 
Hul  should  lose  mill:!)  pleasure  if  they  were,  let  no  one 
hteme  me  for  doing  the  Rime."  Kepler's  talents  were  a 
Idndly  and  fertile  noil,  which  he  cultivnti^d  with  nbiindiuit 
toil  and  vigour ;  biit  with  ffnat  scutitioess  of  agricultural 
ticill  and  iinplemeiitH.  Weed*  and  tbu  grain  throve  side 
by  side  almost  umiistingiiished ;  and  he  gave  a  peotiluir 
appoirftncc  to  hie  hurvi-st,  by  gatheriufr  and  prueeiviiig 
tbo  unit  clawi  with  a:<  mueli  care  and  diligence  at  tbd 
other.'' 

*  A  typical  example  of  the  diffen-nce  between  in/jetiuittf 
■od  tmr!  geniaa  is  aiforded  by  the  contrast  lietween  Kepler 
and  Newton.  Stronii-ly  impressctl  with  the  belief  that 
■ome  **  bannonic  "  relation  tnuxt  exist  amnni;  the  distancm 
of  tlie  eevetal  planets  from  the  sun,  and  also  among  the 
timm  at  Uieir  revolution,  Kepler  pamed  ft  large  p<irt  of  his 
t^arly  life  in  working  out  a  eei-iet  of  gtu»9«s  at  tbii  rela- 
lEoa ;  mttats  of  which  now  strike  us  as  not  merely  most 

t  Wliowll,  Rttmrf  tfOi  IikilueUiv  JMnea,  vol.  i.  3rtl  «d..  p.  320. 
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improlmblv  Iwit  poNiljvely  rtiliculouB.  His  aingle-mmdetl^ 
devotion  to  Iruth,  liowever,  led  him  to  alaiidon  taoh  **^M 
tl»«o  iiypottuKOj  in  its  turn,  ho  soon  as  h«  had  proved  il«^ 
fallacy  by  MulimittJR];  it  to  Itie  t«»t  of  its  conformity  to_ 
observed  fiu:is\  while  bia  fertile  ingenuity  furoi^ed  bit 
with  u  coiitiiiiinl  xii]>ply  of  n«w  gu(?f«<s,  which  prcsLmt 
Iheiuiielve:^  in  turn  a*  cn-jiliiim  of  his  tniAginatioR.  to  U 
successively  diHmissed  wben  they  proved  to  be  notliiag  el 
lliitn  imaginary.  Diit  he  w;ik  >t  hutl  rcwftrdot]  by  tlio  dis*^ 
cuvery  ot'  tiiut  relution  between  tbe  tJmee  and  the  distanoM 
of  the  plimt^-tiiry  rvvobilionit,  which,  with  tlio  ditcovery  o( 
the  elUpticity  of  the  orbit:i,  and  of  Die  passage  of  the' 
'■radiiuivoctor"over  eqatU  ansits  in  e(fiMd  (iwwit  hag  Rivco  n 
bim  immortality  a.i  mi  a«lr»ooniical  di-icovcrer.     Btil  the»«fl 


di«(ioveriee  cannot  be  regarded  as  based  on  any  higher 
meutft]  attribute  than  persewring  ingenuity;'  '  for  so  fiir 
was  he  from  divining  the  true  rationale  of  the  pUioetar; 
revolutions,  that  we  learn  from  his  own  honest  confcssiom 
thai  he  ia-jis  led  to  the  discovery  of  tlic  elliptic  orbit  of 
Mars  by  a  series  of  happy  accidents,  which  turned  hts 
erroneous  guesMs  into  a  right  direction,  and  tu  that  of  tfa< 
"  etiual  arerw  "  by  the  notion  of  a  whirlint;  force  eniauati 
from  the  sun ;  whibt  bis  discovery  of  the  relation  betweon 
the  limc-M  and  distances  was  the  firrtHnata  gucDs  which 
clost^l  a  long  series  of  unfortmiale  onfS,  many  of  wliich 
were  no  leas  ingenious.'  'Mow  it  was  by  a  grand  exertion 
of  Xi'wtoii's  comtntctivf  imuginutinn,  l>u»ed  on  hi*  won 
derful  mastery  of  geometrical  reasoning,  that,  starling  with 
tbu  oonci-ption  of  two  fvneg,  one  of  them  (^.-nding 
produce  continuous  imiform  motion  in  a  straigbt  line,  ti 
other  lending  to  produce  a  uniformly  accelerated  motioi 
towards  a  fixed  point,  lio  wn«  able  lo  show  tlial  if  tbuM 
dynamical  assumptions  be  granted,  Kepler's  phenomen: 
"  laws  "  being  consequences  of  them,  must  he  uTiiveivuUi 


'i4 


^ 


th     , 


ooxTJUkSt  BenrEss  skwtok  asp  kepleh. 


251 


And  while  that  demonstratian  would  have  beni 
'  Kifficivut  to  givf  Lini  an  ini|RTisiui!>U'  ix-oowu,  it  was 
t  ftill  greater  glory  to  divine  the  profouod  truth,  that  the 
lof  the  moon  towards  the  mrlb — that  is,  the  dcdi-ctJofl 
W  pntb  from  a  ttm^iiliiil  liii(>  to  un  ellifi»e — is  a 
9n  of  the  same  wxUrr  as  the  fall  of  a  stoiio  to  the 
and  tliuK  in  show  that  th^  niMtual  attraotion  of 
1  roassea  of  matter  which  we  call  gravitation,  pen-ades  tile 
rtolc  universe  aud  cwiywhen-  follows  tin-  ttuac  law.' '  The 
diRafcnr  nf  Ki-pler'*  law!<,  liowover,  was,  as  far  as  it  went, 
I  put  of  the  explanatioQ  of  the  motions  of  the  planets, 
A  ^i^nt)i«ed  statviiieiit  ii<  also  a  partial  explanation  of 
iluie,  BO  &r  as  it  ja§tifieB  the  coDcIusioo  that  a  cotnmon 
lactjiiD  si)  Ihc  inntaiiot^ :  Itiit  it  if  ofcounca  lets 
explanation  than  a  Rtatemeot  of  the  cause  itaelf 
I  law  of  action.' 
Tlwt  exeixrtse  of  the  rtfasoniiig  feculty  in  an  iinustiallv 
gli  degree  is  a  chief  characteristic  of  great  scientific 
ii>Kovercni ;  and  tlie  difTcreiicft  Imtwecn  kUch  mc-n  and 
.  Ivren  reasoners  is,  that  the  tormer  exercise  their  minds 
Riin  extensive  knowletlgt!  of  facts  and  truthful  priu- 
wliibt  the  latter  employ  t-hem  on  uncertain  data. 
Atdwding  to  Nicbol: — *When  you  see  a  man  in  the 
■ridtt  of  his  contemporaries  not  contesting  opinions,  not 
innvlliug,  hitt  quietly,  and  without  citentjitioti  or  fear, 
|>tt)wding  to  resolve  by  reason  subjects  which  had  hitherto 
■■Re  in  posuwtioD  of  "  cominnn  belief,"  depend  on  it  that 
■  ti^nl  accession  of  knowledge  is  awaiting  us,  for  the 
frttbest  stamp  of  divinity  is  upon  that  man.  Ilerschel's 
liftt  mnarkabln  |«iper  g.»ve  a  promi«!  of  rhi*  description, 
*i4  abundantly   waa   it   soon   fulBlled.''      According  to 


'  Cwpcnlcr,  Jfrjifnl  I'iytialinjy,  p.  SOI.  •  CunipttTC  p.  119. 

'  Arclrilffturt  o/ titt  ItfartHt,  f.  6. 
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Jerons,  '((oniUM  imitt^d  to  «xien^ve  knowledge,  cultivated 
poworx,  and  indomttabUt  ind'wiry,  conMitutu  tli«  i-lmniu- 
teriatics  of  the  great  discoverer.'  '  The  mind  of  tbe  ^je^t 
discoverer  must  oombiii«  ahnoitl  cimtradictorjr  «ttrilMil«8. 
He  must  be  t'ertili;  in  theories  and  hypotheses,  and  yet  fidl 
of  {HctM  aud  pri-civc  rt-sult*  of  irxpt-rieiu:!!.  He  musl  vatur- 
tAJn  the  feebleiit  aimlugie^  and  the  merest  giieaaes  attrutli« 
and  yet  he  miii>t  hold  thctn  as  wurthk-«!i  till  they  are  veii- 
tird  iu  experimeDt.  Vlieu  there  are  any  f^niitids  of  pro- 
bability he  must  hold  teDuciously  to  an  old  opinion,  and 
yet  h«  miiml  lie  prepared  at  any  moment  to  rvIintiuiMh  it 
vheo  a  single  clear  contradictory  fact  is  encountered ' ;  * 
utid  ihitf  is  ]K*rh»ps  m  accnmte  an  ideal  as  can  l>c  briefly 
f^iven. 

'Grciil  men  of  wicnco  have  fur  tlii.^  most  part  been 
patient,  lalmrious,  cheerful- minded  men.  Such  were 
Galileo,  Di-iscarte^  Newton,  and  Tjtplsce.  Eider, 
nmti)(Mniitici»ii,  one  of  tbe  {freateMi  of  aalural  pliiloKOpheis, 
was  a  distinguished  instance.  Towards  the  clow  of  his 
lifu  he  became  completely  lilind,  but  he  went  oo  writinK 
EM  cli(H4Tfu!ly  aK  before,  supplying  the  want  of  ftight  by 
various  ingenioiui  mechanical  device^  and  by  the  increased 
cultivation  ol  his  memory,  which  became  cxcetdinglj 
teiiiteioits.'  *One  of  the  sorest  trinltf  of  &  mau'H  temper 
and  patience  was  that  which  bofcll  Abaiutit,  tl>e  natural 
philiMoplicr,  while  re«idtng  at  Geneva,  rtwetnbling 
many  respects  a  similar  oalamity  which  occurred 
NewtoUi  and  which  he  bore  with  t^^qual  rckigiiatiou, 
Amongst  other  things,  Aliauzit  devoted  much  itttidy  to  tlia 
barometer  and  its  variations,  with  the  object  of  deducing 
the  general  InwM  whidi  regulated  ntmogphcric  prcaeiire. 
Ihiring  twenty-seven  yeara  he  made  numerous  olMervations 

■  PriiteiflM  if  SeU*<«,  vol.  11.  ])^  1«6,  M& 
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.recorduig  tlit^m  tm  nhi-ete  of  paper  pr«pAre<J  for  th^ 

One  day.  wben  a  new  Befrant  was  iniitalled  in 

lit  )»oase,  she  inuDediat^ly  pruoaeded  to  display  her  zeal 

'putUng  things  to  ri^hU."     Abaiijcit'^  Rttidy,  amoiigiit 

nxMOs,  was  made  tidy  and  wtt  in  ordt-r.     When  he 

it,  he  a<ked  of  the  servant, "  What  have  you  done 

I  the  paper  that  was  round  the  barometer  ?  "   "  Oh.  sir," 

I  ihi?  rt^ply,  **  it  yiM  no  dirty  thai  I  hunit  it,  and  put  in 

ib  place  this  paper,  which  jrou  will  aee  ia  qiiit^  nvw." 

Uuoit  crossed  his  arms,  and   aft«r  some   momenta  of 

tJtonal  Ktmgglr,  h«  iuid,  in  »  Umv  of  vahiiiKw  and  nsdg- 

"  Yon  have  destroyed  the  results  of  tweiity-Bcveu 

labour ;   in  ftituru  touch  nothing  whatever  in  tliis 

One  c^  tlte  moat  prominent  qualities  of  ,a  great  dis- 
♦rer  i»  acctimcy  of  nwtlHid  and  of  pcrwption.  (ilavMi- 
I  wtst  a  remarkahle  example  of  the  method  and  accuracy 
|Kieotific  iovosligators,  'His  theory  of  the  univente 
to  liave  l««n  that  it  conninKHl  m)My  of  a  multi- 
objects  which  could  be  weighed,  numbered,  and 
and  the  vocation  to  wliich  hi;  considered 
called  was,  to  weigh,  nnmlier,  and  m^'imure  aa 
of  those  objects  as  hii;  allotted  three  score  years 
nd  <«n  woold  permit.  This  conviction  hiuK^ed  all  hia 
4»ingi  alike,  his  great  scientific  enterprises  and  the 
Irtty  iletails  of  hi«  <!aily  life'  '  Throughout  his  long  life, 
keoCTV-T  transgressed  the  laws  under  which  he  i«c«ms  to 
Wic  instinctively  acted.  Whcucvtrr  wc  catch  sight  of 
l<n  »i;  find  him  with  hii<  mea.4tiring-rod  and  lmlancf>,  his 
phtuated  jar,  tlienaoinot«r,  barometer,  and  table  of  loga- 
litiam;  if  not  in  hLi  grasp,  at  lea.«t.  near  at  huiid.  Many 
,<t  Ills  Kientific  researches  were  avowedly  quaHtiiaiivt. 

*  Chirunbr,  1<7  14.  Smiho,  pp-  333. 3M. 
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He  weighed  the  t'artli  lie  unnlyeed  the  air,  Iw;  diBcover 
the  com[Kiun<l  iiauirf  of  water,  h«  notMl  with  mimeric 
|ir»ci!<ion  the  obsotre  actions  of  the  ancient  element,  fin;. 
Each,  like  sonic  visitor  to  »  almnge  land,  was  compelliK) 
to  Hiibmit   In  »  Hiriitiny,   in   which  not  only  iU  gonvral 
fi>ntiirea  were  noticed,  but  everything  pertaining  to  it  toH 
which  0  i|imntitative  vidne  could  be  uttjichud  vras  set  down^ 
in  ti(^irw  Iwfore  it  went  forth  lo  the  wientifio  world  with 
it3  pjiasport  si^cd  and  s'^iled.     The  lialf-mylhieal  caleodaf 
of  I  he  HiudooR  wii.i  »iihniilted  ic  th(-  mmv  ordi<«l,  ant 
made  to  yield  consistent  numerical  residts.    The  electricity 
^^HAof  the  toqKMlo,  frct-^tin;;  i>f  merotiry,  thi.-  appeanince  of  an 
^^^^^uroin  bnrfali*.  the  Iiardnesa  of  London  ptimp-wntcr,  ifc 
I  properties  of  carbonic  acid  and  of  hydrogen,  and  mucll 

I  else,  were  equally  fubji-clod  to  a  cHiion  which  knew  of  d( 

^^-        limitations,   and    ri'^turai   that   every   phenomenon   ai 
^H      physical  force  i^liould  be  lit-ld  to  be  f^ownied  by  law.  nn<j 
^H      admit   of  CJEpren.iian    in    mathematical    or   arithtm'licil 
^B      symlxils.     It  socms,  indeed,  to  have  been  impossible  tot 
^H       Cavendish   to   inverfigate    any   question   otherwise   tbi 
(jiiant  itatively.    If  he  is  making  hydrogen,  ho  tells  in  ho 
much  zinc,  or  iron,  or  tin  he  took,  und  what  quantity 
gun  itc  solution  in  sulphuric  or  muriatic  acid  yi«ld( 
although  he  had  no  apparent  purpose  to  servo  in  measuring 
till-  volumes  of  elastic  fluid   produced.     If  he  plunge«  ft^J 
candle  into  a  mixture  of  nitrogen  and  air,  or  carbonic  acidfl 
and  air,  he  counts  carefully  the  nnmlier  of  swonds  diiring^^ 
which  it  bums,  and  with  unwearied  patience  varies  the 
proportion  of  the  guseR.     If  he  i»  prepuring  oxygen,  he 
ntcords  in  his  note-book  the  weight  of  mi-rcniT  ho  took« 
tlie  quantity  of  nitric  acid  in  which  be  dis-solved  it,  and, 
the  amount  of  gas  which  tlie  rvHultant  oxide  of  mereui 
yielded,  although  he  need  have  attended  to  nothing  exoep 
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that  ho  had  pure  oxygen.    It  wotiM,  apparently,  ImY«  beeOj 
poinfol  to  liim  to  haw.  GXpcrinivntt^l  othcrwiHe/' 

Tho  [K»M-s*viv,  in  a  high  degree,  of  tJii^  humble  qiiaU- 
tir*  of  iadu^rv.  putieu(%,  nnd  pprMvorance,  is  nt  Ictwt  as 
ni-cH.'Siaiy  in  onginal  research  a»  in  Any  other  tedious  and 
difBcull  f>ct?ii|Lition.     I'hat  the  quaHties  of  industry,  per- 
nerennoe,  and  co«nig«  an;  not  lew  i^scDtial  than  genius  to 
t)u<  micco^a  of  a  diiicoverer,  ia  ahown  hj-  the  fulJoiviiig  in- 
»lanra8 : — '  John  HuntiT occupied  u  }{rcat d<<al  of  liiH  time  in 
eolleclttig  (k'ftnii<>  facta  renpecting  mattiTH  which,  liefore 
hit)  day,  were  regarded  a«  exceedingly  triunl.  Tlm#  it  vaa, 
•uppoKcd  hy  many  of  hifi  eontcm{>oniri<;K  lliat  he  wan  only) 
waatiii);  hill  lime  and  thought  in  xtudytng  m  rairefitlly  as 
he  did  the  growth  of  u   ditr's  liom.     Hut  Hunter  •mat 
impn^ned  with  lite  conviction  that  no  nccumte  knowledge^ 
of  adeiitiflc  (acts   U  without  ttfi  value.      Uy  the  sttidy 
r«ren«d  to,  he  It-nrat  howart«ricsacootomodate  thetnsielves 
to  circumstances,  and  onlai^  as  occasion  rofjuires ;   and 
OiK  knowledge  tlnis  iicqniird  cmholdoned  him,  in  ii  cstfc  ■ 
aneuridin  in  a  lini»eh  artery,  lo  tie  the  main  triutk  where' 
no  Mtirgoon  before  him  ha<l  dared  to  da  it,  and  the  lijb  of 
hiii  pntii-nt  was  saved.   Like  mnuy  uri^inul  men,  he  woTk«d 
for  u  long  tiuw  a«  it  were  undergrMUtid,  dipgiiig  and  laying  i 
fo(mdBl)<mB.     He  w»  a  iwlitary  and  Helf-rcliant  geoiv 
idinfi  on  hi«  eonrxi?  widiout  the  wdnce  of  sympathy  or 
pprolution — for  hut  ftw  of  his  contemporaries  perceived 
itip  ultimate  olject  of  his  pursuits.     Kut,  Uhf  all  true 
Kirkcm,  hi^  did  not  fiiil  in  securing  hix  Ix-wt  reward — that 
MTJiich  depends  lesi  upon  others  than  upon  oiic*s  self — tJiat*^ 
approval   of  conMiicnce,  which  in  &   right-minded   man 
invariably  follows  tl>e  honest  and  vigorous  performance  of 
duty.' 

•  JHflr  V  tVnw/M,  a.  VlUot,,  pp.    168,  188.     Wotks  aS   Ui*_ 
QiTcnilUli  Socieiy. 
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*  llarvej  wa*  another  labourer  of  great  peraeiitTance  ra 
the  xame  6eld  of  sicience.     He  upent  not  less  than  eiglu 
long  yeare  of  investigation  and  reeearcli  before  iivpuUie 
his  vicwn  of  the  ciroiilittinn  of  the  blood.     He  re{ 
and  verified  bis  experiments  again  and  again,  probablj 
anticipatinf;  the  opposition  he  would  liavc  to  ii>count< 
from  Hie  profession  on  toakinij;  known  his  diseo^'erj'. 
tiact  in  which  he  at  tcngth  announcnd  lax  views  w» 
tiioi!t  nio(h-xt  one,  but  simple,  pentjii<-»cinti#,  and  ocmcluiite 
It  was  neverthelefts  received  with  ridicule,  as  the  Ut 
of  It  cnick-bniine-d  impostor.     For  «ome  lime  he  did 
make  a  Mngle  conveii,  snd  gained  nothing  luit  eoutuinelj 
and  abuse.     He  had  called  in  ([ueKtion  the  revered  aaUio 
lity  of  the  ancients;  and  it.  was  even  averred  that 
views  were  cakrdjiled   t^>   subvert  the  authority  of 
Scriptiin:*  and  undermine  the  very  foiindatioDi<  of  moralit 
and  religion.    Uis  liltio  practice  fell  away,  and  he  was  I 
almost  witliout  a  friend.    Tlii*  bwU-d  for  some  years,  iKili 
tlie  great  truth,  held  fast  by  Harvey  amidst  all  his  ; 
sity,  and  which  hati  dropped  into  many  tlioughtful : 
radually  ripened  by  further  oliseripTition,  and  after  a  perifl 

lof  about  twenty-five  years,  it  became  generally  reeogniit>l 
I  an  est;ubl).->hed  scientific  trutli." 
Fa'.aday,  also,was  a  striking  example  of  great  indtwtit' 
*  The  immense?  amount  of  work  that  h«  did  is  iteelf  mffi^j 
cient  evidence  of  bis  remarkable  energy ;    the 

eiety  Cat^dogue"  give*  ii  list  of  158  papers  under  bi^ 

rbame.  He  was  al>ove  alt  tliingti  an  experimentalist, 
be  heard  of  n  new  discovery  he  aJways  repeat^id  the  cxprt^ 
roent  for  himself  l>efore  he  would  accept  it  fully.  "  I  wi 
never  able  to  make  a  fact  my  own  without  wt-ciug  it,"  bf 
Bays ;  "  T  coiild  trusrt.  a  fact,  and  always  cross-examined  so 
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nsaertioD."  Ami  a^iiu, "  withotit  experiment  I  am  nothing." 
But  for  nil  thin  li«  via  in  tlie  highest  degrM  iinaginAtiv«, 
as  bu  i.h>-iiry  of  lines  of  furve,  and  faia  speoalatioiis  as  to 
tbi^  nntun^  of  mattvr  axuA  of  ray-vihriitionH  show — »pecu- 
btinns  Kt  floe  that  th^y  will  linrdly  submit  to  the  trammels 
of  langiutg):.  He  cukrly  foresaw  Iho  <loctrine  of  the  con- 
Mmtion  of  energy,  akhoii^h  he  tniMundcntood  it  !n  ita 
•dMitlfic  expreaeion,  and  almost  all  hU  discoveries  may  be 
traced  t^>  lii>t  finnly-rooted  Dutiuii  that  #r>in('  sort  of  int«r- 
dvpnideace  exists  between  the  variona  forma  of  physical 
actions.  Uk  never  hcf,'an  a  pitxe  of  work  withotit  n  pn^ 
ODD<Kivi-d  idt;a,  hut  bi^  ntrung  love  of  truth  prvitcn'cd  him 
fhim  aiiy  bis^  in  the  interprt-tation  of  hia  resulta,  U« 
wnsexcmdinijly  vnntinuH  iti  coming  t/i  a  fi»al  conclusion, 
and  perfectly  ready,  if  need  be,  to  acknowledge  failure. 
In  Htattng  a  iiict,  liu  would  iiw  no  tvmiH  that  scemt-d  to 
Imply  an  hyimlheaia,  he  would  rather  invent  a  new  name 
tban  leave  room  for  any  misconception.  It  in  hard  to 
Iniow  which  to  pnii««  mo«t,  the  ininght  that  forcMiw  s 
poMiblr  di^overy,  the  experimental  skill  with  which  the 
eoneeption  wiu  reulist.'d  and  the  fact  made  sure,  or  the 
eviuifilo  #fmpUcity  and  oleanicHs  "f  the  language  in  which 
the  result  was  expressed.'' 

Another  cotiditl'in  of  niccea»  in  rescftrch  i«  enthusiasm. 
*Tbat  an  euthiisiastic  temper  is  favourable  to  the  pn>diiction 
of  grmt  dispovcrieH  in  science,  is  a  ruli>  tluit  suflTers  no 
exceptinn  in  (he  character  of  Iteccher.  In  his  prefnoe, 
addrened  ••  to  the  benevolent  reader  "  of  his  "  Fhyaica  Svb- 
terrnHfOt'  he  speaks  of  the  (■hemist.i  as  a  strange  clam  of  | 
uortals,  impelled  by  an  almost  insane  impulse  to  seek 
their  plffluurt^  arming  iiniuku  and  vapour,  »oot  and  flame, 
poiaoD*  and  poverty.    *  Vet  among  all  these  evils,'  he  aays, 


'  jylfffm/lUe  JtHirmiil,  vol.  T.p.  171. 
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*  I  seem  to  tny«elf  to  live  w  swmtly,  that  may  I  die  if  1 
f  would   change   places  with   the    P«ndan    king.'     He 

adeed,  well  worthy  of  admiiation,  as  ooo  of  the  first  rta 
piirstied  the  labour:)  of  the  fiiniace  and  -the   lalK>r 
rttbout  the  bribe  of  poldeu  hopes.     '  My  bingdoni,' '. 
iy», '  in  not,  of  this  world.     I  tni.-'t,  thai  I  have  got 
of  ray  pitcher  by  the  right  handle,  the  true  metlwd 
trtMitiug  tliiM  study.     For  the  pteudo-ehffmutt  wvk  pii 
but  the  true  phiioaophura  scienoe,  which  in  more  pn 
than  any  gold.' '     Hctikel  alifo,  au  emintnit  miu^ralos 
*.iid  in  the  year  1725:   'Neither  toogue  nor  !<t'inc 
express  tlie  sutisfnctiou  which  I  rocelred  on  sietting  c; 
upon  this  sinter  covered  with  galeua;   and  thu«  it 
stantly  happens,  that  one  louBt  have  more  pleasure 
wlint  Mjemn  worthless  rubhixb  thun  in  Ibe  piin.-st  and  . 
{HTDUJous  ore,  if  wt;  know  aught  of  minerals.' 

The  enthusiasm  of  the  investigator  mu^  however,  I 
based  upon   knowledge  and  judgment.      '  Zeal   wit 
knowledge  is  like  expedition  to  a  man  in  the  dai^.*  *    *  1 
enthusiasm  must   be   regulated   by    wisdom :    were 
content  to  accept  with  kind  80ntiic»cwice  everything  whic 
an  enthusiastie  being  might  promulgate,  it  is  phiiu  tfa 
error  would  soon  1«;  prcdomiufint  upon  earth.    The  rcMilf 
of  tile  application  of  the  test  of  opposition  is  to  Uy  i 
doctrine,  which,  if  a  truth,  must  surely  come  forth  reG 
and  tTiiimpbant  from  the  crucible.'     '  ]!ut  if  it  is  i 
which  is  put  forth,  the  persecution  happily  kills  it ;  in  I 
error  which   lives  there  is'  (usually)  'some  truth  wkid 
keeps  it  alive' ' 

Equally  ncxoesary  with  industry  and  enthusiaam 


<  Wlicwcll,  Mttmy  (jf  tie  tudvrttre  Aiitwn,  vol.  lil.  3id  cd.,  f.  10 
•  John  Scwion. 

■  •  Deluaiciut,'  bf  Vt.  H.  MauiUle>- :  Jowrnai  ef  XeiOol  Ahmm,  IB 
p.  8. 
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iifjiUGt,  and  recreation.    ■  Tlic  mind  ought sornftUmcs  to 
itUK-d,  tliiit  it  may  tliu  botlc-r  return  tu  lliought  and  to 
'  I    '  Vasa  explains  that  hy  deep  and  int^nm.-  thought 
flmdy  wu£tci^  tlic  bluud  h  dcttrmiuid  to  the  bead,  ifae 
becume  cold,  the  blood  i^  altered  iu  cotnpoai- 
itad  a  pomestlictic  condition  of  this  ncrvouit  system 
s,  whilp  llif  viiHJi-ra  pi^rforra  their  functions  imper- 
•  itence  it  follows  tfuit  dcip  Atudiea  and  Hcictititic 
are  not  the  most  natural   objects  of  man,  but 
to  his  health  and  wcll-bciug.     Thus  It  t.4  ihnt  those 
men    who   cnltivairt    Unj   ai)Slr«ct    sciences    ar« 
Lly  feeble-,   meagre,  eensitive,   splenetic,   hypocon- 
J, and  fanciful,  and  ban-  iitipiiircd  digestion.     On  the 
jy,  llii)  strongest   and   ht?atthit*t   men,  with  good 
UoD,  are  little  given  to  study  tlie  abstract  Kioacee 
iJiUlc  capable  of  cumprrbrnding  tbi-m.'*     *  Doerhaave 
ded  not  to  have  closed  his  eyes  in  i>leep  for  u  period 
<ifiix  weeks,  in  coom^qiieuce  of  hiH   brain   being  ovcr- 
kt  by   intense   thought   on  a   profound   subject   of 

ttiv  ttbitity  to  imxuK  a  aufficitncy  of  sleep  is  indiv- 

bble  to  long-coniiniied  puisuit  of  recondite  wifutific 

chee  is  very  rnniiifui't,  fur  no  inait  can  prosecute  diffi- 

intiiUi^ttial  IalK>ur  without  Interrab)  of  mental  rest, 

phenomena  which  occur  iu  complicated  striK-tiircs, 

lUy  iu  living  bodies,  are  nearly  alwayii  dependent 

a  plurality  of  conditions.     In  accordance  with  this 

I  truth  sl€«p  !:(  an  ulTeet  difTIciilt  to  produce,  because 

ad*  upon  *o  many  coudilion!^,  the  actions  of  mo»t 

ch  are  at  preeent  v«ry  imperfectly  understood ;  and 


F.  C  Helaluali  'On   Uoibld  Impnim,'   PrgehoUigieat  JmtimI, 
.  IID. 
f.  WInUo      Wxnn  Jtitmte*  ^  the  Jlrain  and  Mind,  p.  COl. 

S  2 


S60 


rSBBOKAI.  ntRTAIUTIOtl    rOB   ILESK&RCH. 


it  -    f 


xatleBS  all  tlioee  coiKlttion!<  nrp  present,  porfM^t  sleep  doot 
not  occur.  Most  of  tliii  oirciimstAiu^s  fnvuuralile  to  Accf 
bavfl  already  been  motioned.'  Absence  of  iatenifl 
!iud  ext«mal  wMiHution  is  uot  alone  sufficient  Ut  »eciiro  it ; 
t'(|iially  e9:«entiiU  i^  abseiice  of  memory  of  optic  imaget^^ 
hecauBe  tbe  »ye  is  tlie  mo«t  uit«IIeetiULl  of  all  the  scose^H 
AlMOiioe  of  iiatmtin^  id'-iu>  ix  also  a  necewary  prrllini-  ' 
nary  i  this  may  usually  be  secured  by  malciDi^  a  writ 
nuMiiorandurii  of  «u<;li  ideas,  and  by  allowing  ihe  mitu 
to  be  occupied  by  uninteresting  nnonotouoiis  or  desultory' 
onw  retjuiriug  but  little  exercise  of  Mie  attentiou.  Any-^j 
tKing  which  requireii  much  attention  or  rolitioa  t«id^| 
to  p<'Btpiinc  sleep,  until  by  Ibc  very  act  of  •ttcatioo  tbe^' 
Iraiu  liccomeH  ([uit«  exliatii^ted. 

As.aUo  the  activity  of  the  mind  is  intimately  depen- 
dent upon  thc'  oxidation  of  nervous  niattt^r  by  t)ie  oxygon 
in  tbe  blood  passing  through  the  cerebrum,  and  tlie  amount 
of  this  oxygen  i»  1<-^h,  and  that  of  carbonic  acid  is  greater 
in  the  blood  during  slow  re^iration  and  sleep,  alow  re,*])ii 
tion,  and  the  inbahitton  of  tbe  portion  of  the  curbontc  acii 
in  thi*  products  of  respiration,  help  1o  produce  ideep-* 
is  well  known  that  a  monotonous  uninteresting  discourM>r 
lintened   to  in  an  stmcsphere  highly  ladon  wiUi  tbe  pro^ 
Sducts  of  respiration,  has  a  soporific  effect.     Warmth  of  tli^| 
extremitie*  aW,   by  withdrawing  blood  from  the  braiu^ 
produces  a  similar  result.     Upon  the  general  prinoiplv 
that   thv  motion  of  a  conducting  body  is  retarded  in  ^M 
magnetic  field,  jtowerful  magnetism  might  be  expected  to 
retard  the  circiJntion  of  blood  in  the  brain  umI  proinole 
«le4:p.  '  ^H 

The  rcIigiouH  opinions  of  men  appear  to  liave  very  Titt^^ 
inQuence  upon  their  power  of  making  scieutiticdiwoviTies; 

■  Bed  p.  80. 

•  E««  .Vind,  vol.  It.  put  vltl.  i>.  STI.    0«u1>er.  IBTT, 
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lent  investigators  are  to  be  foiiud  in  most  religioiw 

■rcU,  liiit  iisiulUv  mo«t  in  tJiosc  which  are  in  the  greatest 

ilc^ree  &votimbIe  to  intellMitual  Hit;: — 'Ampere  wait   » 

Bomui  CftlJiolic,  and  not  a  Itomao  CathoUc  in  the  c<m- 

Wntiona]   »eore  ti>«rcly,   but  a   buarty  mid   vutbit!<iii;^tic 

Wiever  in  the  doctrines  of  the  Church  of  Home.     The 

belief  in  trut«ii)>s1uutiutioQ  did  not  prvvi-nt  Ampc-rc  from 

Veenming  one  of  the  beM.  chemists  of  Mm  time,  just  as  the 

hdicf  in  tJ>o  plenary  inapiratioti  of  the  New  T^ttamvnt 

net  prevent  a  gooil  Pmtivtant    fr<.im  Incoming  an 

critic  of  Greek  literaturp  generally.     A  man  roay 

the  (itn-fl  Kciculiliti  fiicully,  the  most  advoiictKJ  scicn- 

cultiire,  and  still  believe  the  coniwciatecl  wafer  to  be 

l^body  of  Jt^iis  Christ.     For  since  he  still  bclicvus  it  to 

If  the  body  of  Christ  nnder  thu  apjKir«?nt  form  of  a  wafer, 

it  it  erident  that  the  wafer  under  chemical  analysis  would 

mdw  itjxilf  into  the  wime  wicracnts  as  before  conHocrno 

ti« ;  therefore  why  consult  chemistry  ?     What  has  che- 

to  say  to  n  mystury  of  tliis  kind,  the  t^^onco  of 

i»  the  oomptsU  disguise  of  a  human  body  under  a 

in  all  rcspectit  answering  the  material  semblance  of 

?     Ampcru  must  have  forei^vcn  the  certain  rt-xults 

('uilyiiiii  as  cleariy  as  the  best  chenusts  educated  in  the 

pnacii^es  of  ProtcKt-antii-ia,  but  this  did  not  prevent  him 

(>na  adoring  the  consecratiHl  liost  in  all  tlie  sincerity  of 

lieb«art.'> 

Thowr  wlio  wiJi  to  Mtudy  mon;  fully  th«  miMital 
ckRict^-ristics  of  great  discoverers,  and  the  circumstanceu 
under  which  emint^iit  investigators  were  reared  and  made 
diftcoverieji,  ni.iy  with  advantage  read  the  '  l-ife  of 
idLdi,*  by  Wilson,'  *  Life  of  Newton,'  '  Memoirs  of 
^ewton,'  and   '  Martyrs  of  Science,'  each   by  Sir  David 

■  HnaurtoD,  IntetUftuat  lAfr,  p.  230. 
*  Oavoodiiib  Society'*  pnl>1leAi!nna. 
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Erewaler  ;  also  '  The  Life  of  Sit  Humphry  I>avyt* 
BOiiV  '  History  of  Chemistry,'  the  vjirious  puhlinhtiJ 
hy  Drs.  Jonee,  Tyndall,  luid  GlndcUme,  containinK 
'  Life  of  Faradmy,'  ala«  J«v<his'  *  Principles  of 
vol.  ii.,  chapter  xxvi.,  p.  817.  '  My  advice  is  to  ■ 
the  UvcB  of  other  meii,  and  from  them  feteh  eiamplw 
hi«  own  imilalion.' ' 


C^HAPTEK  XXVHL 
CIRCl'lISTA^CES  AJiU  OCOIPATIOXS  PATOUOABLE  TO  W-IESHF 


No  CDftD'§  abilities  ure  so  rsm&rkably  Hhiniiig  m  not ' 
Bittod  in  luxd  of  a  prujxii'  (ipjiortuuity,  u  ji&troii,  and  <iv«ii  ika 
praises  of  a  friend,  to  locoLameud  bhem  to  th«  notice  ei  Ik^ 
world.— P  1,1  NT. 


4 


Bt  for  the  greatest  number  of  discoverers  in  phy^iM 
chemistry  have  been  twichcrs  or  lecturers;  iin<l  nearly  »B 
have  received  a  good  education  ;  a  few,  however,  have 
to  iiiiftmct  tlifrastdves.     Mnny  have  iK-t-n  gii-atly  uidtd  i: 
acquiring  the  art  of  investigation  by  becoming  aasi 
to  men  of  Bcicnce ;  ttnd  very  few  Imvn  bt-i-n  entirely  (el 
instTiicted.     A  very  large  number,  especially  of  Uwee 
chemiRtry,  have   been   medical   men;   a   few  hare 
occupied  in  trade,  Imt.  scarcely  any  have  lieen  laam 
turera.     A  limited  number  have  been  wealthy  persons;  11* 
aajoiity  have  hnd  vompeteut  mcaiiK,  and  only  a  few  liave 

very  poor.     Some  of  tile  mo^  able  di»cover<tn< 
of    himiblo   piircntagc,   received  a   poor    education. 

'  Tircnoe, 
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only  a  moderate  income  through  life ;  Kcheele, 
ley,  Davy,  Dnlton.  iiud  F;ir!wluy,  may  be  inohidei] 
the  number.  Scheele  wiia  an  apothecaiy'ri  a.i!ii.4tADtf 
Prii^tley  a  poor  Uiiit-iriim  sludt-iit,  Davy  a  Burgeon'a 
apptentice,  and  Faraday  tin*  »on  of  a  hlack.iinith,  lUid 
^iprentioed  to  a  bookbinder.  Dalton,  who  may  be  looked 
qm  as  tlie  chief  diwiovi-R^r  of  i\w  atumic  lliwry  of  cbc- 
■ntrj',  was  a  teacher  of  mathematics  in  Mancheater,  and 
auan  of  very  simple  und  fnii^nl  habits,  Knd  lie  bvcn  moru 
etpensite  in  hi*  modt?  of  life,  his  means  would  have  hewn 
insufficient;  his  appamtus  imd  experiments  alfo  were  of 
Ue lc^i,4t fx pensive  kind,  in  accordance  with  hi*  nie».nit  and 
tnuiaer  of  living.  Buffon,  on  the  other  hand,  received 
Ihs  Wjt  «f  education,  and  wai  w  wealthy  man  ;  h«  died  at 
St  jeaxs  of  age,  and  it  is  said  that  20,000  persons  attended 
tiit  funeral.  Linnaeus  irof  tlic  ma  of  a  poor  Swedish 
clrr^iuan,  and  whilst  attending  as  a  student  at  the  Uni- 
wnity  of  L'psala  had  to  exist  upon  «ii  allowance  of  eight 
pmnU  a  yitar,  which  he  received  from  liiii  father.  After 
iUt.A  rich  banker,  who  was  also  a  ehcmitit,  assisted  him 
^'■fltly ;  and  Iii»  poverty  did  not  last  many  y<*ant.  He 
lot  lot  strong,  but  lived  to  the  age  of  71  yeare,  and  often 
wppftwed  gratitiidf  for  the  bhiwings  of  science,  which  hud 
•fforded  Mm  so  much  interest  and  delight.  His  collection 
of  pknt«  and  in».-ct«  was  sold  for  £1,000  to  Dr.  E, 
&Ditb,  who  whibt  bringing  it  to  England,  was  chased  by 
»  man-of-war  sent  by  the  King  of  Sweden  to  try  and 
»»ver  tin*  collection;  the  latter,  however,  arrived  safely 
in  England,  and  le  now  in  BurliDgtoo  House.  London. 
HuDirr  Was  a  delieitte  youth,  and  had  but  very  little  cdu- 
'Um,  He  worked  as  a  cabinet'Oiaker,  coostructiDg 
^in  and  tabla)  whilst  an  apprentice  to  his  brothor-in- 
1»*:  and  afterwards  studied  siugeiy.  With  the  proceeds 
^  his  practice  as  a  surgeon,  hv  bought  all  the  bodies  of 
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wild  bea«i8  that  di«<l  in  Uiv  Tower  of  London,  Kod 
every  other  sucb  animal  aa  he  could  procure,  and  die 
them ;  he  compuriKl  Ihv  naatomy  of  thvm  all,  and  di»oo\x 
thv  htMtory  of  theit  organs.     In  thiit  vay  h«  i^-xjieoded  i 
than  j£70,000  in  money,  besides  inunenee  Isbour.     He  i 
in  tbe  liahit  of  swalkiwing  thirty  dropH  of  UiKlanum 
delivering    each    lecture.      He    died   at   the   age  of 
and  iiftur  lii»  diwtli  Mn?  Knglinh  Goveramwit  pivc  £ii 
for   hift  collection  of  about  20,000  anatomical   prefon-- 
tions.' 

'  Poor  Kepler  straggled  with  coD»tant  anxii;li(«,  ud 
told  fortunes  by  astrology  for  a  livelihood,  faying  tliat 
astrology,  n»  the  dau^^ht'T  of  u«trouomy,  ought  to  keep  lia 
mother ;  but  fancy  a  man  of  science  wasting  precious  tiow 
over  horoscopes.'  '  I  Biipplicate  you,'  ho  writ««  to  MoMt- 
leu,  <  if  Iben.-  i^  a  situation  vneant  at  Tubingen,  do  «)iat 
yoH  can  to  obtain  it  for  me,  and  lot  me  know  tho  prices  of 
bread  ajid  winv  and  other  iiecc»iarics  of  life,  for  my  vifi;  b 
not  accnatomed  to  live  on  beans.'  H«  bad  tonco^sll 
sorts  of  jobs ;  he  made  almanacks,  and  &er%'ed  anyone  wbo 
wotdd  pay  hiro.  His  only  Ir.inqtiil  time  for  study  *iu 
when  he  lived  iu  Styria,  on  his  wife's  income^  a  tnui<}uillitf 
that,  did  not  last  long  and  uuvi^r  returned.'* 

Many  foreign  discoverers,  for  instance,  Tyebo-Br»b«, 
Kunck*-I,  Biichcr,  Stahl,  Potts,  Reaiuner,  Horgmana, 
Schoele,  Herthollet,  Morveau,  Klaprotb,  BeiTeliujs  and 
various  othtTs  were  encouraged  and  substantially  rewaidtd 
by  their  sovereigns,  but  of  Englisih discoverers  scasceljoK' 
Although  Diiltou's  great  theory  of  chemi.-<try  wa.s  published 
in  1808,  and  his  fame  hud  for  many  years  been  spread  oil 
over  Europe,  and  he  had  long  been  app(>inti3d  a  oonespand- 


'  CcnWiUt  PartHit  a/ Snjimlfdge  urndtr  Dififftltitt,  pp.  MJll. 
•  Bamuiton,  ItUUfPlnal  tift,  p.  lit. 
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iag  meiuJiorof  the  Inntitiit*  of  France — the  hi^hfwt  recog- 
niUon  in  science  which  can  he  accorded  to  anyone — it  woi 
uot  until  UiL^  vtnr  1833  thutn  pcn«Ion  of  £\50  a  year  waa 
gnantjed  to  him. 

*  A»  a  contrast  to  the  action  of  some  GovemmGnta,  the 
Norwej^as  Government,  by  a  unanimotts  vote,  provided 
funds  for  a  magnetic  espodition  which  Hansleen  was  to 
oooJitut  idoDg  tbu  nortli  of  Euro{)e  and  X-tin ;  and  thix  they  > 
did  at  the  very  time  when  tiiey  refused  to  make  a  grant  to  < 
lite  king  for  buildin;;  a  p.'i)aco  at  CliriBtiunia.  The  expe- 
dittoii  wax  made  in  1H23-S0,  and  verified  Han«U.-«n's 
anticipation  as  to  the  existence  of  a  refiion  of  magnetic 
eoDvur(^n«e  in  Silivriii.  which  bi^  conHidered  im  indiciitiu^ 
a  "  pole  "  to  the  north  of  tJiat  country.' '  Governmental 
treatment  of  science  has,  however,  much  improved  since 
the  above  waa  written. 

As  in  all  other  oocupationa,  so  in  that  of  scientific 
(cMurch,  much  of  the  mioce^  of  thu  man  di^^pcnds  upon 
fotttmale  coincidenoe  of  circumHtances  which  he  cannot 
«ciatiul.  We  cannot  all  be  Kv»ton»,  nor  coidd  Newton 
bimaelf  hare  been,  in  another  ^;e,  as  great  a  man  a»  he 
mat.  Suitability  of  epochr  or  Wing  '  bom  at  the  ri^t 
titnei'  ia  a  very  important  condition  of  .iucces.i  iu  re- 
■arcb ;  this  has  already  boen  referred  to  and  illustrated  in 
prwiiiiiM  vhupteni. 

*  We  cftunot  too  frequently  l>e  reminded  that  we  are  no- 
tlifitg  of  ounelvM  and  by  oursolves,  and  are  only  somethtnff 
by  the  |dace  we  hold  in  the  intt-llecttial  oliaiu  of  humanity, 
by  wliiok  eleclricity  is  conveyed  to  us  and  through  lu — 
toba  inoresMMl  in  ( he  tranHmisnon,  if  we  have  great  natural 
powirr,  and  are  fovourahly  nit.iiated,  but  not.  otherwiKi',  A 
child  is  bom  to  the  Vecelli  family,  at  Cadore,  and  when  it 


WbtwWI,  nutvf  </t»t  ZmtutMm  JMfwwwv  voL  111,  Sid  ed.,  p.  IU. 
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is  tunc  yemn  fAd  it  is  taken  to  Teoic^,  and  pUoed 
tlie  tuition  of  Sebastian  Ii^uocato.  Atterwarda  be  got*  bil 
BoUini's  school,  und  there  gvta  ac(]it»iiil«xl  with  BnoUiec| 
tstuduDt,  oti«  jear  his  janior,  who«  name  is  Barl: 
They  live  together  and  work  toi^ther  in  Venice ;  (1mi| 
young  Rarlmntlli  (known  to  poflt*rity  as  Gior^gfione),  i 
putting  on  certain  spaces  of  wall  and  squares  of  aait 
such  colour  as  the  world  had  never  bttforc  »een,  dies,  in  I 
early  manhood,  and  leaves  Vec«11io,  whom  we  call  TitiiiB,! 
to  work  on  there  in  Venice,  fill  the  plague  stays  his  hand,! 
in  bis  hundredth  year  The  ^eniiu  eame  into  the  woridrj 
but  all  the  poMiliilitie?  of  his  development  depended  upon] 
the  place  and  the  time.  He  came  exactly  io  the  rigtuj 
place,  and  preeiitely  at  the  right  tiin&  To  be  born  aotj 
fur  from  Venice,  in  the  day?  of  Bellini,  to  be  taken  thm] 
at  nine  year*  oM,  t<>  have  (riorgioiie  for  one's  comnde,! 
all  this  waa  as  fortunate  for  an  artistic  career  as  tbedr 
eumstances  of  Alexander  of  Macodon  wore  for  acareer* 
eonqiipnt.'' 

To  be  bom  before  the  time  is  almost  aa  unfortnnate  i 
to  be  behind  it ;  all  original  Kcientifie  iiiv<-rtj gators  mmt,' 
however,  he  more  or  less  in  advance  of  Iheir  time,  otJicr- 
wise  ihcy  cannot  he  original  at  all.  A  scientidc  inn«ti' 
gator  may  Ite  liefure  hia  age  in  mere  ways  than  one.  Tititf 
he  may  imagine  and  publisli  ad\'anced  and  true  hyp^ 
tlieseK,  the  eomplt-te  proof  of  which  cannot  bo  discovered 
until  a  later  period.  This  was  the  case  with  Avogadio 
and  his  hypothenis  that  eijiia!  vulimics  of  different  gw* 
contain  ei^iial  numbers  of  molecules ;  and  18  probably  tlie 
case  with  some  existing  eminent  men,and  their  hypothest*- 
Or,  h«  may,  a.*  (ialileo  did,  and  Bruno  shortly  before  liinM 
publish  his  views  and  the  proofs  of  them  at  the  same  time- 
But,  in  cither  of  thette  cases,  if  the  views  he  publishes,  • 

'  tbaariAii.  Tlu  7nvUr<4un{  Ufi,  p.  iK. 
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Breo  appean  to  bold,  conRict  witb,  or  only  Appear  to  con- 
flict w'llh,  the  current  cn-ed.iaiui  iinprovt*d  dogmas  of  t.heo- 
h^iciil  buUef,  his  character  is  privately  attacked,  aud  tbo 
aaadu  of  Uie  femjdo  nit-tnWrx  of  Iiis  family  (who  eui  rarely 
ttDdeTStaiid  science,  but  are  eai>ily  influenced  by  feeling 
knd  relif^ous  c-motion)  are  perverted,  and  hi«  borne  happi- 
ness injured.  In  other  m.t1ance«,  hix  means  of  living  are 
diouiiiithcd.  It  may,  therefore,  he  coaeidercd  uu  uufortu- 
coinctdeoce  for  the  lovojtti^tur,  if  hiii  hypulhews  are 
th  in  adi-aace  of  his  time,  and  especially  if  either  they 
facta  h»-  <iiiici»vcr»  liitppirD  to  conflict  with  current 
cal  belief*.  It  i»  worthy  of  notice  tliat  every  great 
T  of  science,  iacludiog  even  Newton  himself,  has 
and  atill  is  accua<-d,  hy  ttie  iguoriint,  of  holding  faUe 
and  beliefs,  even  in  cases  vfhere  those  beliefs  have 
(iToved  to  W  trill';  hnt  how  can  thost^  who  arc  it(no- 
of  scienoe  measure  Ilie  minds  of  philoaophera  ?  Ke- 
iting  dogmati«ni  continually  says  to  the  scientific 
igator, '  TItna  far  shalt  thoti  go,  but  no  farther  ;'  but 
>neiii.'o  k«»pfl  marching  on. 

Sympathy,  which  in  so  highly  essential  to  the  develop- 
"wti!  f.f  genius  in  the  arts,  especially  that  of  music,  haii 
i[>e  in  original  scientific  research,  bccauite  relatively 
k*  perwins  can  uodenttand  or  appreiiiate  it.  Seientilic 
wwarch  also  ja  a  kind  of  employment  in  which  a  man 
ffitut  Aorlc  olnwst  ulonv,  aud  puriiiKi  hlx  stiidicK  in  perfect 
telu^ion  and  fiuiet. 

Tile  iijiirit  which  persecuted  scieutific  mini  is  not  even 
^"^  quite  dead,  especially  in  those  who  subjugate  reason 
I"  motion  ;  and  as  ita  cause  is  ignorance,  it  is  impossible 
fur  it  to  die  out,  an  long  a*  thorc  n-mainH  »uch  absoucv  of 
biovledge  of  science,  and  of  the  nature  of  demonstrable 
"Ofledge,  by  influential  cla«se»  of  persone,  and  ()y 
^liors  of  the  ma'isei^.     It  is  not  many  yi^ars  ago  that 
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Mrs,  Somerrille  was  preochiKl  agajniit,  hj  pomo,  in  York 
Ciitlicdml,  becnuse  of  her  beliefs  TQapecting  geology. 
*  Censure,'  aavR  an  ingenious  autb«r,  'is  the  tax  a  mu 
pajB  to  the  public  for  boinji  i-minoiit,'' 

'  Whenevn-  a  new  iuid  startling  fact  is  brought  to 
ti^t  in  science,  people  first  say,  "  It  is  not  tnic,*  tiMffl 
HhaX  "It  i»  contniry  to  n-Ugion,"  and  lastly,  that  "  Et-eiy- 
body  knew  it  before." ' '  Various  discoverers  have  hm 
»(>  gri^tUy  diigitsU-d  by  thv  aj)[jo!>ition  of  ignoraot  pcopte, 
that  they  could  hardly  \>e  pentuaded  to  cootinue  thcii 
labours :  Kv^wton,  for  iustuncv,  nUo  Hurvej,  who  fuflered 
much  in  consefiuence  of  publishing  his  great  discowcy  of 
thi:  oiruulivttou  of  thi.>  bluod.  Th«  former  wa«  m  atUckal, 
in  consequt^nce  of  hi)i  tdeaii  respecting  Uie  pbenoroeoa  of 
light,  thiit  ho  iDformcd  Iluyghuns  that  hii  was  *sony  he 
had  ever  piiljli.-ilie<l  them.' 

It  may  apprar  exacting  to  expect  non-«cientific  per- 
sona to  make  tljt;iiiwlve»  acquainted  with  the  grc«l  trvlh» 
of  nature ;  but  the  interests  of  truth  and  justice  u« 
sacrc't,  nnd  muHt  provail.  We  are  not  only  mondly  bound 
to  love  the  truth,  but  to  take  the  best  means  of  finding  it ; 
and  it"  also  such  persons  woro  only  to  expend  half  the  time 
in  aciiiiiring  a  knowledge'  of  tlie  great  prjneiplei  of  nalnt?', 
and  of  demoDstruble  truths  in  general,  that  they  occupy  in 
filling  lhi;ir  mimlM  with  iiuviTifiablti  ideas,  it  would  he  > 
great  improvement. 

'How  many  great  men  and  thinkers  have  been  pewe- 
jted  in  t}je  uanie  of  religion  I  Bruno  wa^i  burnt  alive,  at 
Rome,  bocaueo  of  his  exposure  of  the  fashionable  but  GUas 
philosophy  of  hi#  time.  Wht^  the  judgvs  of  the  Inqoin^ 
tioit  condemned  him  to  die,  Hruno  said  proudly,  "  You  v^ 
more  afiuid  to  pronounce  my  sentence  than  I  am  to  id- 


>  Addiacoi. 


Aicaiaii. 
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ocItc  it."'    'To  liim  mcceoded Gnlileo,  whose  character  as 

k  inui  of  itdence  is  atroodt  eclipe^  b^  that  of  the  mart^. 

Denounced  by  th«  priutto  from  tlto  [>ii1pit,  Ihicuiim:  of  Iha 

Vi«m  he  btii)^bt  M  to  the  motion  of  the  earth,  h&  was 

bmmoiiod  to  Rome,  id  his  sevc^iitietli  year,  to  snswer  for 

HB' hctcrodoKf.     And  he  wa.i  impri)ion<^d  in  the  IiK^iiiKi- 

fion,  if  be  wae  not  actually  put  to  the  torture  there.     He 

KM  pursued  by  pimfceution  uvea  wht-n  iic;i.d,  the  Pope 

refiwiiig  a  tomb  for  his  body.'     '  Koger  IJacon,  the  !"'ran- 

weaa  motik,  was  pcm-ciitiHl  on   accotiot  of  his  studies 

in  natural  philosophy,  and  be  was  charged  with  deatin);  in 

Hgie,  because  of  his  investigations  in  chemistry.     >Ufl 

were  enndemnf-d,  and  he  was  thrown  iiitfl  prison, 

he  lay  for  ten  years,  dtirioft  the  lives  of  four  sue- 

Topes.     It  i«  even  avem^d  that  he  died  in  prison.* 

len  the  *'  Novum  Orj;anon  "  appeared,  a  hue-and  cry 

niaed  against  it,  bifcaiiw  of  it#  iUlfg<^d  tendency  to 

**  dangerous  revolutions,"   to   "  subvert  govem- 

and  to  "overturn  the  authority  of  religion;"  and 

1>T.  Henry  Stuhbe  (whose  name  woultl  otherwise  havQ 

tftn  fitfgotten)  wrote  a  book  against  the  new  philosophy, 

ItgtuoeiDg  the  whole   tribe  of  e-xperiinent^ilists   as   "a 

RKTO-fkot^l  generation."     Even  the  establishment  of  the 

Bojiil   Society   was  oppo^,  on    thp   ffrouud  that   "ex- 

ptfimcntul    philoAophy   is   subverHive   of   the    Christian' 

ilh,"" ' 

A  scientific  dUcorerer  is  a  pioneer  of  truth ;  and  it  is 

pioneers  of  truth  who  have  always  bad  to  bt-ar  the 

:t  <^  the  battle  agninHt  ignorance,  nujK-rslition,  imd 

Ftjudice,  because  they  are  always  in  the  front  ranks  of 

inscing  knowlwlge.      fgnomiice  has  never  undeintood 

iSe  research,  and  it  is  vain  to  snppmte  that  it  could  ; 


'  Ciameli^,  by  S.  i^aUlcs. 
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It  hM  s3way!t  lici^n  a  drag  upon  advandof;  truth,  and 
cases  whero  its  inbcrcctii  have  only  appeared  to  he 
ficed  to  tho«4!  of  new  knowlt^lge,  it  haa  alvntys  hated,  «n 
wltcnever  it  pot>9eased  the  power,  also  pen>vcutcd  erieat 
discoverers. 

Eniinent  scientific  men  have   expnut^d   the   optnfi 

Uiat  teaching  is  the  occupation  which  is  unoiit  fiivourali 

todiEOovct^  ;  and  tJiis  appears  to  be  true,  becaiiite  t«ucliil 

^tequirca  a  man  to  htud;  well  bis  subject,  and  this  acib 

new  questions.     But  teaching   is   not  a   neoeswrnr 

dition    of  vucceM   tn  original  researdi,   because   a 

eminent  investigators  have  not  been  teachera;    the  lib 

Dr.   JIa(thci«eo  was  a  notable   in-tUiicc'     Original 

warcb  requires  a  very  large  amount  of  time;  in  ordcrJ 

therefore,  for  ttutEoa  to  barmouiiH:  with  it,  tlie  tc 

miut  be  jtinall  in  amouDt ;  much  tuition  or  exaroinatia 

entirely  prevent*   original    researcb,   and   this   iucc 

*  trading  in  learning '  is  a  great  catim;  why  so  few 

Ueov«Ties  are  being  made  by  professors  of  acieoee  in 

Fooontiy. 

Other  able  scientific  men  have  advocated 
soientific  writing  as  a  meanii  of  remuneration  and 
sistcnoe  for  men  of  research,  ami  uo  doubt  such  an 
oupation  is  quite  as  favourtible  as  teaching  to  orij 
disoovr^ry,  if  not  mure  no,  ami  njH-nites  in  a  aimiliir  : 
Bfrj  but,  like  time  cmploytd  in  tuition,  that  occupied  I 
writing,  is  so  much  tiikvn  from  the  real  and  more  in 
porlant  employment;  and  unleas  it  is  #mall  in  amouat,' 
it  ii  quite  fatal  U>  much  orlginnl  investigation.  Amui, 
cannot  obtain  by  it  even  a  moderate  income,  and  alM  i 
!iny  considerable  atnouul  of  research.  Sorby,  au  experi- 
enced  icientitie  investigator,   has   remarked    upon 

■  Dr.  UsTtheiMon  did  a  little  leodilDy,  bat  cmly  during  Ibe  ii 
-f  f««n  of  his  tifeb 
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I  votild  ccint«n(i  that,  for  tlic  adv;incfment  of 
it  ia  very  undesirable  that  the  burdt-n  of  ori^iiijil 
Humid  devolve  on  th<we  engaged  in  t^achiuj;  or 
writing.'  'The  constant  need  of  att^iiliou  Ui  tlic 
ling  togi-thcr  uiid  arrangiiiK  of  facta  already  known, 
■Utli  have  no  very  direct  Ijearing  on  the  Kpcciid  Hiibject 
tttfcr  invpNtiKation,  tiecfusnrily  diverts  the  thoiights  from 
couaidenitiou  of  difficulties  not  yet  <'xi>liunt'd,  and 
the  discovery  of  what  is  iraknown.  My  own  experi- 
!i(  all  (-vent*,  Lvmviiices  nie  that,  any  such  divereion 
mind  has  &  moftt  retardioff  eR'cct  in  carrying  oil 
il  reMurch,  and  I  iiave  heanl  thv  miiic  remark  from 
of  the  moat  eminent  ejtplorera  of  the  age.' '  Fiiither, 
there  cxiiils  one  man  who  is  capable  of  makin];  a 
reouarcb,  there  are  many  capable  of  ejtprmijdiiig  the 
of  it;  and  this  arpies  tlmt  the  former  occupation 
a  great«rdegn¥  of  HhiUty,  nnd  that  to  take  uman 
the  former  kind  of  labour  to  perform  the  latter  it  a 
both  to  sci'tiw  and  mankind.  The  chief  advantage  of 
or  writing,  in  aiding  a  man  to  make  ori^itiid  si-ien- 
idiscovencH,  cooiists  in  its  stitjj^cstiug  to  him  a  stock  of 
ithrMs  aod  subjects  for  research  :  Imt  tli  is  is  n<it  iixually 
'^"Iiiircd,  becatiso  nearly  every  experienced  inve^gator 
ftanM.'s  an  exoew  of  »ieh  quetttiona.  Writing  hurmonisea 
l«tor  than  ppeakuig  with  the  occupation  of  acieiitifio 
'QBwch,  because  it  conduced  in  a  grt-atcr  degree  to  accu- 
t¥j  of  expression ;  great  apeakers  are  not  usually  very 
writers. 
le  occupation  of  itinerant  lecturing  in  science  U  but 
Eavoursble  to  research,  because  it  takes  a  man  awaj 
quiet  ^itiidy,  and  from  hta  place  of  experiment  or 
latlon.     Making  scientitic  investigations  for  munu- 


'  BestaTi  A»ayf  vn  RadoirmfiU  of  Ittirarfti,  pp.  1G6-170. 
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fitcturcTs,  or  analyses  for  commercuU  purpaaea,  is  len  ■ 
harriioniotbi,  Iiecautie  in  th«  intenala  of  the  procems 
research  may  be  sometim<«  udvancc-d ;    but  when 
in>'«^ligntion!t  or   analyses  are   niioieroiiit,  th«y   l>y  Uii 
multiplicity  of  operations  and  processes  prevent  all 
«xpcriinoDt«  Ixfing  made. 

AItliou){h  wealth  is  not  generally  neceEsar;  to  rcMardi? 
a  moderate  competency  is  estcntinl  for  long-contiawd 
invvsli^itioii.  Experiments  co^t.  mon«y  and  rvquire  much 
lime,  and  few  men  can  long  pursue  difBcult  iaveotiguinti! 
with  the  cares  and  auxiet ic:«  of  life  prCKsinj;  upon  tlua. 
Caveiidifh  wait  a  very  wealthy  man,  and  aUo  a  gruit  it- 
vesUjlBtor,  but  he  neglected  attending  to  his  wealth,  pw 
hnhly  iK-cnuse  he  prt-ferrt-d  to  a:t*-nd  lo  ri'St-arch.  SclinJf 
was  comparatively  poor,  yet  he  made  a  greater  Dumber  of 
cbomii-nl  discoveries  at  iin  enrly  ngtr.,  than  aln^oct  UT 
aan ;  he  was,  however,  immarried,  and  without  the  cam 
of  a  family.  He  had  the  advantugv  of  having  been  a 
pnpil  of  Hrrgmann,  and  wa.i  encouraged  in  hin  pursuit*  bf 
Prince  Henry  of  Pmssia  and  by  the  Dukoof  Sudermasnii; 
he  was  also  extremely  indiistriouK,  and  of  a  stricUy  logical 
ha!>it  of  mind.  In  addition  to  freedom  from  uruuely  and 
pocuniniy  caie,  a  lar^c  nmomit  of  quiet  leisure  is  alnvxt 
indb<pen>uil>le,  and  those  who  cannot  obtain  thii<  cannot 
make  many  discoveries.  Priestley  made  numerous  exp«i^ 
mentH,  bis  occii[intion  as  a  Unitarian  preaub«r  affoid^d 
him  the  time,  and  his  friends  and  admirers  found  him  a 

sufficient  supply  of  niofltry. 

In  consequence  of  the  large  amount  of  time  nooctcai^ 
for  research,  tbo»e  scientific  men  wlio  devote  tbem»elr(fi 
largr-ly  to  the  more  remunerative  occupations  of  pumiia^ 
a  scientific  art  or  trade,  making  investigations  for  uaau' 
factiirers  or  public  coni|iauit^,  developing  inventions  or 
patents,  making  chemical  analyses  for  commercial  pur* 
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ptwcf,  giviog  fctentiflt!  evidence  in  comw  wf  law,  (Iclivw- 
iag  popalar  scicntilic  lectures,  nritio^  Bcientillc  books, 
itc,  on  not  uaiuilly  the  iiM»t  fruitl'til  (tiHcovcrurH. 

ft  has  been  sugge6t«d  that,  hy  employing  a  Hiifiieient 
numbor  of  aaut!tAiit«  to  make  lh«  vx|K-ritui-iite,  ud  t-xperi- 
enced  investigiitor  migbt  make  a  much  greater  ntiiuber 
uf  iliscovi'ri4?s,  but  this  is  hardly  correct ;  the  limit  to  the 
admiiiugc  of  viiiplnving  unskilled  awistantt  i»  suoii  at- 
tainMl,  because  in  most  reiiearches  each  experimuot  re- 
quire tu  Iw  BkilfuUj*  wnttihui  uud  itx  rt<tiult«  carefully 
■todk'd,  nod  the  latter  especially  occupies  much  tiin«,  and 
can  only  be  effectually  done  by  the  investigator  himself. 
Moreover,  it  i»  not  *>  much  the  number  of  exiK-rimmts, 
as  tlie  aocumcy  with  which  thoy  ai^e  porformod,  the  tt*!tit<y 
mat  witb  which  tliey  are  olxervcd,  mid  the  intensity  with 
which  the  RSultK  an- studied,  wliich  yield  tnitii.  Skilful 
W3l£-bing  of  on  experiment  often  su^gc^ts  its  true  explana- 
tinnis  or  detects  a  new  truth  whicli  an  ordinary  uatiiftaDt 
would  overlook.  A  multitude  of  experimentsalso.iuiskilfiilly 
ptrfonned,  aie  worw  than  useless,  because  tlu-y  confuse 
and  mislead.  It  i»  oliiHly  in  cases  where  a  long  aeries  of 
exporiroents  or  observatioDB  of  u  routine  kind  have  to  be 
maili-,  ihut  an  ordinary  asBistant  ean  be  of  much  sorvtoe. 

If  assistants  possessing  scientific  geuius  are  employed, 
thea  the  discoveries  they  make  are  htrgely  due  to  that 
gentiu,  and  the  eredit  of  tliese  discoverieti  inay  bo  partly 
nlBimed  by  them ;  and  this  cirvunutauce  has,  in  many 
euM,  given  rise  to  unpleasant  disputes  as  to  whom  the 
honour  of  a  diwovery  should  be  given  to.  For  the  purpose 
of  rearing  invectigators,  the  i-mployment  of  skillod  assist' 
ants  is  good.  Boiguuuui  adopted  that  plan ;  he  eoiitrived 
ftxpcriments,  and  his  pupils  executed  them  :  he  educated 
•everal  chemists,  one  of  whom  was  Scheelc ;  and  ilergmann 
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said  that  hJB  i;n>aU<«t  diwovery  WM  tho  finding  of  Scfaeele. 
Bub  Scheele  dieUk«d  Bergmann  at  lint,  because  he  look 
the  credit  of  8cluf;lc's  discovt-iy  of  oxalic  ncid,  by  publish- 
ing it  and  omitting,  by  iniidverlence,  to  mention  ScliLflc's 
name.  Gslin,  however,  roconcilMt  thvin,  and  they  became 
good  frlendtf.  Faraday  adopted  thi^;  plan  nf  employing  an 
obedient  luiakilled  assistant,  who  bad  been  a  soidieri^ 
the  plan  worked  well. 

Many  valuable  r»ieaTohes  have  lieen  mnde  by  a  Vi 
partDereiijp  method,  the  work  being  suitably  divided, ! 
the  rvKidld  publi8l)t<d  in  the  joint  oamca  of  the  iovesti- 
gators  ;  for  instance,  the  isolation  of  boron,  and  thf?  dil 
ooveiy  how  to  obtain  potassium  and  eodiiim  by  di>itillatic 
of  [Kitaah  and  Hoda  with  iroD>  were  made  l)y  Gay-I^u 
and  Thenard  ;  that  of  electrolytic  transfer  of  the  element 
of  at-ids  imd  nalts  to  the  respective  pole*  of  a  voltaic 
tery,  by  Hisinger  and  Henieliua ;   the  decomposition 
waterunder  the  infltiomre  of  a  voltaic  current,  by  Nicholi 
and  Carlisle;  that  of  platinum  resJdue«  oiintaiDiiig a  oei 
metal,   by  Fourcroy  and    Vauqueltn;   and   a  very  great 
many  mon;  havo  been  made  by  thii)  mettiod,  »»  may  be 
easily  seen  by  referring  to  the  '  Catalogue  of  Scientifio 
Papers,'  published  by  the  Royal  Society. 

Tile  influence  of  age  upon  Uie  ability  to  ma 
searches  and  discoveries  does  not  appear  very  conspic 
the  power  of  research   u.oiiiUy  continucH  as  long  as 
■ense»  and    intellect   remain   nnimpaired.      Galileo 
bum  at  Pisti  in  1564,  and  made  his  first  diHx>very, 
of  the  principle  of  the  pendulum,  before  he  was  twcnt 
yean  old.    He  continued  to  make  observations  and  di 
coverie*  throughout  ntnrly  the  wliole  of  his  life ;  the 
part  of  Uie  time  being,  as  18  usual,  the  mmt  devoted 
rcdeelion,  writing,    systeroatising    bis    knowledge,    aai 
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getting  it  puUisbed :    he  died  at  the  aga  of  sevesty- 

yewtoa  was  bom  in  l(>42,n)acleall  liisgreat  disconjries 
iMtweoD  the  sgM  of  tweiilj  uid  forty-fiv«,  and  made  no 
mure  duriii[^  thi?  lajt  forty  years  of  bis  lifc ;  tlii*,  however, 
is  fully  aocoimted  for  by  the  circumKtanM  that,  at  the  ag« 
of  fvrty-fivi»,  he  met  with  an  accident  whJch  deistTnyed  the 
ra«nuscri[>t  records  of  all  bis  reeearchee  in  chemtjitry,  and 
j^ef  at  tbifi  grrat  Iuhh  affocU-d  liitt  brain :  ho  died  at  tJie 
■ge  of  i'i);bty-fiv#,  having  ocxnipied  the  lat1«r  port  of 
Ilia  life  chiefly  in  publiehing  nt-w  cdidans  of  his  work:!; 
he  puhli<bt'd  thi-  tliiid  tiditii^n  uf  biK  grout  work,  the 
*  Principia,'  at  the  age  of  eighty-thr«e  to  eigIity*four, 
Shortly  before  hx»  d<-nth  br>  said,  '  I  know  not  wliat  tlte 
world  mny  think  of  my  Isbonr^,  but  to  myself  I  »eem  to 
have  been  only  like  a  hoy  playing  on  the  iiearebore,  and 
diverting  binutelf  in  ni>w  and  then  finding  a  tmootber 
pebbiti  or  a  prettier  ebeli  than  ordinary,  whilst  the  great 
oDBan  of  tnith  lay  all  undiacovered  WUtn-  me.'  Fnuklin 
Wfts  born  in  the  year  170f>,  and  did  not  commf-nco  his 
eXpoHments  until  he  was  about  forty  yuirs  old  :  lie  died 
at  the  age  of  eighty-five  years.  Humboldt  lived  to  the 
age  of  ninety,  and  was  an  investigator  nearly  the  whole 
«(  liis  life.  Vulta  was  born  at  Conio,  in  1 745  ;  be  began 
to  puliUdi  hi«  numerous  di£eoverieH  at  the  age  of  tbirty- 
aim*  years,  and  continued  to  do  ko  until  he  wiu  about 
fighty  years  old.  Ilia  great  discovery  of  eliemical  elec-. 
triciiy  wa»  made  when  he  wn»  forty-cigbt  years  of  age, 
and  be  compk-ted  bis  pile  in  the  year  1800,  linving  pre- 
riotwly  iu\ejited  bis  electrophorii*  and  electric  condenser, 
and  become  well  kuovm  aa  a  scientific  investigator.  Oersted 
wna  Iwni  in  1777.  The  researchea  he  made  were  exceed- 
tagly  numerous,  and  extended  from  the  year  1801  until 
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hi»  deatli,  in  I6SI.  Hie  (:^>at  disoovury  of  electro- 
DOti»m  Villi  made  in  1819.  Hir  H.  Davy  was  born 
1776.  The  publication  of  lis  discoveries  was  comni< 
wheu  Lo  vas  nbuiib  twenty  yean  of  nge,  and  wn  eoo- 
tiuucil  uiitil  182!),  <h(^  year  of  bin  death.  Tbe  discoveries 
of  the  great  Swetlisli  chemist  Berzelius  vfere  exceedingly 
numeroiiR;  Uiey  were  commenced  in  1806,  when  he  was 
twenty^eight  years  of  age,  and  continued  until  be  died 
1848. 

Faraday's  rest^arches  were  eonimeiiced  in  1816,  w 
he  was  twenty-five  years  of  age,  and  continued  till  186i 
his  tnetnory  then  fniled  him,  and  be  rande  no  luorn 
coveries:  he  died  in  18(>7.     A  complete  list  of  all  the 
ptiblislicd    rctwiLrdioK,   Eiiglii^h   nnd   foreign,  made  «u 
tlie   year  1800,  of  every  scientific   investigator,  may 
fotud  in    the   'Itoyal    Society    Catalogue  of   Scicnti 
Papejs.' 

*  Some  of  the  greatest  men  who  have  ever  lived  have 
either  died  cnrly,  or  might  have  done  so  for  thi^ir  fiuae. 
Newton  himself  had  completed  many  of  liis  grand  di»- 
coveries,  and  hdd  the  foundation  of  all  of  them,  befoie  be 
had  rciichod  his  (wcnty-fifth  year  ;  and,  although  be  livi 
to  a  great  age,  may  lie  anid  to  have  finLdied  all  that 
brilliant  in  hi»  career  at  the  early  period  of  forty^' 
After  tliis,  it  has  been  remarked,  that  he  wrote  nothin; 
except  some  further  explanations  and  developments 
what  he  had  previoutly  publi.-dii.-d.  But  to  go  to 
great  names;  James  Gregory,  tlie  celelirated  invenlin 
the  reflecting  tclwcupe,  was  suddenly  struck  blind  in  his 
thirty-seventh  year,  while  observing  the  »atellitc«  of  JupitAr, 
and  died  a  few  days  after.  Torricelli,  whose  famous  di«* 
covory  of  the  Karotueter  we  have  already  mentioned,  and 
who  bad  deservedly  acquired  the  reputation  of  being  in 
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■  rcipcct  one  of  the  greatest  natural  pMlosopliera  of 
,Us  lime,  after  the  world  had  lost,  tin;  illustrious  Gulil^o, 
at  tlw  age  of  thirty-Dine.  Pafical,  irho  first  showed 
linn  twe  and  value  of  Turrioelli'tt  discoverj,  and  who 
[erer  been  accounted,  for  bis  ouinence  both  in  ttcience 
Lia  lifcemlurv,  ono  of  the  chief  glories  of  France,  as  he 
I  have  heea  of  any  country  in  which  he  liad  appeared, 
at  off  at  the  same  curly  a^,  Nay,  in  his  caae,  the 
lift  w  gn'ater  still,  for  h<-  [>».'tiM;d  the  last  eight  yearn 
«f  hia  life,  as  Is  well  known,  in  almost  unintemipted 
tlrtJAvnce  from  bis  wonted  EutvUectual  pursuit!;.' '  >Iany 
BitaDces  might,  however,  be  quoted  of  eminent  investl- 
gllaT«  who  continued  to  loake  discoveries  until  an  ad- 
,  tSKKii  period  of  their  lives. 

■With  regard  to  the  infiuenoo  of  marri^e  upon  the 
^btctual  life  of  u  discovcn-r,  I  make  the  following  quo- 
Hlwdt: — '  I  helieve  that  for  an  intellectual  man  only  two 
'(IQnes  are  open ;  either  he  ought  to  marry  some  simple 
dutiful  woman  who  will  hear  him  children  mid  M^e  to  the 
InoKbidd  matters,  and  love  him  in  a  trustful  spirit  with- 
•M  jealousy  of  hiM  occupations ;  or  else,  ou  the  other  hand, 
lit  to  marry  tome  highly  intelligent  lady,  ahle  to 
ber  education  far  beyond  school  experiences,  and 
to  become  hitt  companion  in  the  urduoiis  paths  of 
tual  laboiu'.' 
Fith  women.  '  there  is  hanlly  any  task  too  hard  for 
iifth<^y  l>elieve  it  essential  to  the  conjugal  life-  I 
I  give  you  the  name  and  address  of  one  who  mastered 
OmJc  in  order  not  to  be  excluded  from  her  htishand'n 
arite  pursuit ;  others  have  mastered  other  languages 
same  object,  and  even  some  branch  of  ccienoc^  for 

>  Ciuik,  F)uttdt  tjf  KiwnUi/f  niuUr  JHfficnltlft,  p.  72. 
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which  tbo  feminine  mind  has  less  natural  affinity  than 
It  has  for  imagisiitivu  tjt^mtiirc.  Tlielr  rcmnrkabli^ 
incapAcity  for  independent  mental  kbour  is  accompanied 
by  an  ^ually  rvmarkablo  capacity  for  labotir  iiudvr  un 
auc«pt<^  ma.40u!ino  guidance.' ' 

'Mot  only  have  women  been  (he  best  oompankns, 
frimd*,  and  consolfrx,  but  ihi-y  linvc  in  many  ouet  boon 
the  most  effective  helpers  of  their  htislumds  in  their  special 
lin«i  of  work.  Qalvaoi  was  especially  happy  with  his 
wife.  She  was  the  daughter  of  Profewor  Galoiixzi,  mid  it 
is  said  to  have  been  through  her  quick  obsen-ation  of 
the  circumstance  of  the  Iv^  of  a  frog,  placed  near  aa 
electrical  machine,  becoming  ciinvubied  when  touched  bf 
a  knife,  that  her  husband  was  &rst  led  to  investigate  the 
science  wliioli  ha«  «nce  bectimw  idenlifivd  with  h'w  name. 
lAvoisiers  wife  was  also  a  woman  of  real  scientific  ability, 
who  not  only  shared  in  her  htisbimd's  piintuitti,  but  O'oo 
imdertook  the  task  of  engraving  the  pktea  that  oooom- 
panied  his  *'  Eli;mcnt)(."  '* 

*The  late  Dr.  Biicklnnd  hiid  another  tnte  helper  in 
his  wife,  who  assisted  him  with  her  pen,  prepared  and 
mended  his  fosifilti,  and  funiished  many  of  the  dniiriDgs 
and  illustrations  of  his  published  works.*  *  Notwith- 
standiui;  her  devotion  to  her  husband's  pursuits,'  says  her 
son,  Frank  Hucklniid,  in  thu  prvfuce  to  one  of  his  fother's 
works, '  she  did  not  neglect  the  education  of  her  children, 
but  occupied  her  moruings  iu  superintending  their  in- 
struction in  sound  and  useful  knowledge.  The  nieTUag 
value  of  her  labours  they  now,  in  after-life,  fiilty  appreoiatejfl 
and  fed  most  thankful  that  they  were  blessed  with  to  good^ 
a  mother.' 

<  HuuerUm,  n*  Inttibrtmi  Ufe,  pp.  338, 240. 
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*  A  Rtill  more  ntiuurkitblc  iartADOfi  of  belpfulsess  in 
a  wife  is  prc«eDt«d  in  the  case  of  Hubcir,  the  tieneva 
ottiinilivt.  Hulx-r  was  blind  from  bi«  scvontccDtJi  year, 
and  y«t.  he  fountl  means  to  study  and  ruasler  a  branch  of  i 
nstuTsl  hietoiy  demanding  the  cloiteat  obecrvutioo  and  the 
kecoest  eyesight.  Il  vtisi  thiougb  the  eye«  of  bi«  wife 
that  his  mind  vorked  as  if  they  bad  been  bis  own.  She 
eficoiimge<l  ber  biiKbondV  •tiidieit  an  a  lueanH  of  alleviating 
tiis  privation,  which  at  length  hn  came  to  forget;  and  his 
Ufo  was  a«  prolonged  and  happy  mi  is  tisiial  with  motit 
natufalistA,  He  even  went  »o  far  a:t  to  dt;clarc  that  he 
should  be  miserable  were  he  to  regain  his  eyesight.  '*  I 
•bould  not  know,"  he  taid, "  to  what  extent  a  person  in 
uiy  aititBtion  could  be  beloved ;  besides,  to  me  my  wife  i« 
always  young,  fre*h,  and  pretty,  which  is  no  light 
niatter." 

*  Not  trss  touehing  was  the  devotion  of  Lady  Hamilton 
to  the  serviee  of  her  biiiiliaiid,  the  late  Sir  William 
Katititton,  Professor  of  Logic  and  Metaphysics  in  the 
I'nivL-mty  of  Edinburgh.  Alter  he  had  bcon  stricken  by 
paralyKi*  through  overwork  at  the  age  of  Rfty-Hix,  hIio 
became  hani^  eyes,  mind,  and  everything  to  him.  She 
identified  bcriH^lf  with  hi*  work,  read  and  consulted  books 
for  him,  copied  out  and  corrected  his  lectures,  and  relieved 
him  of  all  businewt  which  she  felt  hcfHclf  compctvul  to 
undertake.  Indeed,  her  conduct  as  a  wife  wan  nothing 
•bort  of  heroic ;  and  it  is  probable  that  but  for  her  devoted 
and  more  Ibnii  wifely  help,  and  her  rare  practical  abUiCy^j 
the  greatest  of  her  husband'b  works  would  never  have  seeo^ 
the  lig^t.  lie  was  by  nature  unmethodical  and  disorderly, 
and  the  suppli<;cl  him  with  method  and  orderliness.  His 
tamperament  was  studious  but  indok-ut,  wliile  she  was 
active  and  energetic.    She  abounded  in  <iualitieB  which  ha 
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moet  lacked.     He  had  the  geniua  to  which  her  vigai 
nature  p;are  the  forco  nnd  iraiMiliR-.' 

*  Whi^  Sir  Willinm  Humilton  was  elected  to  his 
professorship,  after  a  severe  and  even  bitter  cootcet,  his 
oppon^iittt,  proFi-^'iii);  t/»  regard  him  as  a  viMJonaiy,  pr«- 
(liot^  that  he  coitld  never  teach  a  class  of  students,  and 
that  his  appniDtinKnt  would  prove  a  total  &iUin.*.  Hi 
det^Ttninad,  vith  the  help  of  his  wife,  to  justify  the  choi 
of  Iits  »upporlciH,  and  to  prove  that  his  cnemiM  were 
prophets.  Having  no  st^iak  nf  lectures  on  band,  caob 
lecture  of  the  first  course  was  written  out  day  by  day, 
as  it  WAS  to  h»  ilclivorL-d  on  the  followiii);  looniing.  His 
wife  sat  up  with  hira  night  after  night,  to  write  out  a  fair 
copy  of  tie  lectures  from  the  rough  eheets,  which  he 
dmftcd  in  (ho  adjoining  room.  "  On  some  oecatdouK,''  wy* 
his  i)io({rapIier,  "  the  subject  of  the  lectures  would  pro' 
less  eaaily  mtinagi'd  than  the  other*,  and  tlieu  Sir  Willi, 
would  l>e  found  writinji;  as  late  as  nine  o'clock  in 
morning,  white  his  fiiithful  but  wearied  amanuensis  had 
fallen  ad«cp  on  a  sofa."  Sometimes  the  finishing  touches 
to  the  lecture  were  left  to  be  given  just  before  the  clsaa 
hour.  Tliiis  h<dped.  Sir  Willinni  eompletod  hitt  course ; 
his  reputation  as  a  lecturer  was  establi^bed,  and  be  even- 
tuiilly  became  recognised  throughout  Europe  tt»  ono  of  tbe 
leading  intdlects  of  his  time.' ' 

*Flaxman,  when  twenty-seven  years  of  age,  married 
— Ann  Denman  was  tbe  name  of  his  wife  ;  and  a  cheery, 
bright-BouIed,  noble  woman  she  was.  He  believed  that  in 
marrying  her  he  should  he  able  to  work  with  un  intenser 
spirit,  for,  like  him,  she  had  n  tnxte  for  poetry  and  art, 
and  besides,  was  an  enthusiastic  admirer  of  her  busbutd'j 

1  Okaraair,  bjr  &  Sallos,  p.  82S  it  «f . 
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genias.      Vet   when    Sir   Joshua   Ileynolds  —  Mnueir  a 
bachelor — mot  FIuxmnD  shortlj  afttT   liia   marriage,  he 
aid  to  Win,  ".Soi,  Klaxman,  I  am  told  you  »fe  mamwi ;  if 
ao,  sir,  I  t«ll  you,  you  are  ruined  for  an  artist."    Flaiman 
woDt  glrai^ht  Iiome,  rat  down  l>e^dc'  hi«  wifo,  took  lier-' 
hand  in  bis  and  i>aid,  "Ann,  I  am  mined  for  an  nrtist." 
"  How  9o,  Jolin  ?   How  has  it  happened  ?  "   *'  It  happened," 
he  n^plicd,  "in  the  church, nnd  Ann  Penman  ha*  done  it," 
He  then  told  her  of  Sir  Joshua's  remark,  whose  opinion 
1RU  well   known,  and  bad  ofti-n  hoeo  eipro^fci),  that  if 
students  irould  excel  thev  muHt  tiring  thi^  whole  powers  of 
tlieir  mind  to  bear  upon  their  art,  from  the  moment  they 
liN  imtJI  tltey  go  to  bed ;  and  also,  that  no  nuin  cotild 
be  a  great  artist   aniens   be   studied    the   ^and   wnrka'^ 
of  I{afl3MlK%  Jiltclisel  Augelo,  and  othem,  at   Kome  and 
Plorenee,     '*  And   I,"  iiaid  Ktaxnian,  "  I  irould  be  a  gri'atJ 
arlist."     "  And  a  great  artist  you  shall  be,"  said  hie  wifB»  • 
"ajid  visit  Rome  too,  if  that  ho  really  Decenary  to  make 
you  great."     "But  how?"a<ke<l  I-Taitmiim.     "  Worki 
aoonomute^"  njoiued  the  brare  wife ;  "  I  will  nevw  bars^ 
it  said  that  Ann  Dennuui  ruined  John  Flazmaa  tOt  ao 
aftLrt."'' 

It  in  a  ploajturc  to  record  tbcMe  examples  of  dovotod- 
nesB  of  wives  to  the  noMe  pursuibi  of  their  liusliands,  and 
equally  painful  to  remember  that  many  other  wome 
have,  bj  their  tow  and  ij:^obIc  ideoo  or  undisciplined' 
t«a)pen,ignorant]y  retarded  the  self-improvement  of  their 
fatubaDdii,  and  either  compelled  them  to  abandon  original 
nMarcIi,  or  have  stiorienod  their  lives  whiUt  pnnming  it. 
Woe  to  the  married  and  poor  investigator,  whose  partner 
adopt*  tlic  idea  of  Hcpamte  interests,  and  neitlior  under- 
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Btands  nor  BTmpathisee  with  his  punuits,  bat  liinders  him.' 
in  Uic  occtipivtioD  upon  nhicb  they  dvpcnd  for  support. 

It  U  noticeable  that  atooagst  the  long  liHt  of  oainet  d 
scientific  discoverers  there  is  scared;  tbo  name  of  a  dn^t 
ftimale;  Mias  Caroline  Herschnl  and  Mts.  Somervillc  (win 
trantditt^l  and  published  l.aplace's  '  M^canique  Celeste' 
Hp]>c:ir  to  \xi  thr  greatest  exceptions.  It  is,  bovcttf, 
hopelii]  eiga  that  women  are  beginning  to  feel  their  con- 
dition of  ignor'iucc  of  science,  and  to  occupy  tbvnudnt 
in  scientific  employments. 

Miss  Herscliel  wa;s  nn  aseietaDt  to  her  brother,  Uw 
linent  aatrononier,  and  with  the  '  »i«ven-foot  Ncwtooiaa 
reepcr '  given  to  her  by  him,  she  discovered  first  sod 
no  Ittds  than  eiglit  cometti,  *to  five  of  which  tho 
ority  of  her  claim  over  other  diiicoverers  is  uaqueaticoal' 
She  also  detected  several  remarkable  Debuts  and  dtutm 
of  »tara  previously  unnoticed, 

*  The  absonce  of  the  inveaiigating  spirit  in  woman,' 
hn«  been  remarked,  '  has  very  wide  and  important  «eON 
quences.  The  first  consequence  of  it  is  that  women  to 
not  oatuniUy  accumulate  acciuute  knowledge.  Left  ta 
themselvee,  they  accept  variotu  kinds  of  teacliing,  but  th^ 
do  not  by  any  analysis  of  their  own  either  put  tliat  t«adt 
dug  to  any  serious  iuteUectu;il  test,  or  qualify  th< 
for  any  extensiou  of  it  by  independent  and  origin: 
oovery.  We  of  the  male  sex  are  seldom  clearly  awnro  In 
onoh  of  oar  practiced  force — of  the  force  whicli  di: 
ad  origioates—  is  due  to  our  common  habit  of  anal; 
obtervation;  yet  it  is  scarcely  too  much  to  say  that 
of  our  inventions  have  been  suggested  by  act 
intellectually  pulling  sometliing  else  in  pieces.     Am 


•  Mfe  if  GtrallM  mrtfiet,  pp.  vll,  T»,  144. 


four  discoveries  as  cannot  be  traced  directly  to  an.'iljsi* 

m  almgat  always  due  to  hBb:tfi  of  geueral  observation 

rtitk  Ifod  lu  to  tabo  note  of  »omc  fact  nppar«utly  quit« 

nmotc  fifom  what  it  helpa  us  to  arrive  at.     One  of  the 

iai  LUtoncca  of  tbiM  indirect,  utility  of  hahitual  obxtr- 

nttoo,  as  it  is  one  of  the  earliest,  is  what  occurred  to 

I  JMdioedes  in  his  bath.     When  the  water  displaced  by 

Ibbody  ovdrflowwJ,  h«  noticed  thu  fiict  of  di*]>ln«!trn;nt, 

lad  at  onco    perceived    its   appHcabiUty  to   the   cubic 

Btuuromcnt  of  complicated  bodies.     It  is  pomible  thnt  if 

bis  mind  had  not  been  e:xerci»i>.d  at  the  time  about  the 

>dtlt«nitioD  of  the  royal  crown,  it  would  not  have  been 

I  ltd  toaaytbing  by  the  ovcrflowin;^  of  his  bnth,  but  the 

I  Mpuity  to  receive  a  suggestion  of  that  kind  is,  I  believe, 

iQfocity  exclusively  masculine.    A  woman  would  have 

,  Mittd  th«  ovorRowing,  but  die  would  ha\*«  noticed  it 

vdy  as  a  cause  of  disorder  or  inconvenience.' 

'Tliis  abceooe  of  the  investigating  and  diecovoriug 
Itsdeacies  in  women  is  confirmed  by  the  extreme  rarity 
<f  iBvmtions  due  to  women,  cvcu  in  the  things  which  most 
■Blerett  and  concern  tliem.  The  stooking^hmio  aud  ^wing* 
techine  are  the  two  inventions  which  would  moat  natu- 
ftltf  have  been  hit  upon  by  women,  for  people  are 
*hually  inventive  alx>ut  tJie  things  whicli  relieve  them- 
livt«  of  labour,  or  which  incrtmse  their  own  possibilities 
if  pmductioD  ;  and  yet.  the  stoeklug-hioiu  and  the  nevring- 
Bichine  are  both  of  them  masculine  ideas  carried  out  to 
[CKtical  efficiency  by  miiscniine  energy  uud  perHcverouce. 
So  I  believe  that  all  the  inipravements  iu  pianos  are  due 
Wmen.  though  women  have  used  pianos  much  more  than 
fta  lave  u^ed  them.' ' 

■  nunorloa,  tnteltmlnal  Ufe,  p.  313  H  My. 
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Much  more  roroarkalile  tbim  tlic  deficiency  of  itcientil 
inquiry  tii  woin^n  is  thi;  fact  that  the  chief  fouotainB 
new  jK-ientific  knowledge  have  not  been  at  our  old  oniTer- 
sitip!>.    One  would  nutiirally  tiuppo«e,  aiu)  might  reftsooaU^ 
expect,  that  the  great  sources  of  such  truth  would  Iw  «t 
those  pkcps  wliiTi?  (ihiitidanoe  "f  fumis  an-  provided  'to 
proinole  study,'  and  where  there  exists  the  (juietude  of 
great  educational  inrtitutions ;  but  such  has  not  hevn  the 
caKC,  till?  diiicovcry  of  tlie  truths  nf  flod  in  nature  baa  ootj 
been   most  encouraged  there,  and  the  great    bulk  of  ori-  j 
ginal  invcutigation  in  pliyitics  and  clieiiuxt  ry  ha;^  not  '■ 
made  at  those  placea.     I  have  been  informed  by  a  pro{e«OT,1 
many  years  resfident  at  Oxford,  that  nn  original  wicDtiSej 
investigator,  unless  he  happened  to  be  &  man  of 
social  standing,  would,  on  account  of  bis  occupation, 
eimply  ignored  by  the  great  bulk  of  his   fellows  theml 
Tlic  «tatement,  'We  do  not  want  original  researchers,'' 
implicitly  cxprcj'scs  a  similar  fact. 

hiifi,  though  not  least,  of  the  ci  rounistanc«M  Jnflueft- 
oing  original  research  has  been  the  formation  of  scientifio  j 
societies.   Italy  was  the  first  to  establish  on<;(vii.  thcAcca-* 
dcmia  del  Oimento)  in  the  times  of  Galileo  and  Torriwili. 
The  English   Royal  Society  was  formed  in  the  year   1645, 
Germany   in    lt)62    (-HtaViIitihc^d    its    Tmpcrijd    Academj, 
and   the   Government  of  l-'rance   in    1666   founded  the 
FrvQch  Academy  of  iScieuccs  iu  Paris.     Dr.  WalUs,  one 
of  the  earliest  memhera  of  our  Royal   Society,  hat  tfan 
described  the  character  of  its  meeting :  '  Our  business  ' 
(precluding  raatteni  of  theology  and  Stat«  affairs)  to  < 
course  and  consider  of  philosophical  inquiries,  and  such  m" 
rdited  Chi^rcto :    as  pbysick,  anatomy,  geometry,   iutn>' 
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noai;,  na^ngation,  Btaticks,  magneticks,  ch}'mick&,  meclia- 
nicks,  and  natitral  experiments,  with  the  stutc  of  those 
itudie^  hik)  their  cultivntiaii  at  home  and  abrpod.  We 
t^  discoursed  of  the  circulation  of  the  blood,  the  vaUee 
b  the  veiiiS)  ihv  yenw  Inctu.-,  ttiK  lyntphatic  veweU,  the 
Copemican  hypothesis,  the  nature  of  comets  and  new 
Mua,  the  8.itollitcri  of  Jiipitvr,  the  oval  «h;ipu  (»»  it  then 
■ppeared)  of  Saturn,  tht!  spots  on  (he  Sun  and  ita  tuni* 
iag  on  tt«  own  axis,  the  inequalities  and  sektiography  of 
tlie  Mood,  the  several  phajies  of  Venu&  and  Mercury,  the 
iBprovetoent  of  telescopes  and  griuding  of  gliLsaex  for  that 
porpD^e,  the  weight  of  the  iilr,  the  pus^hitity  or  impossi- 
bility of  vacuities  and  Nature's  ahhorrence  thereof,  the 
Torricellian  experiment  in  quicksilver,  the  descent  of 
bMTy  bodies  and  the  degrees  of  accelernlion  therein,  witJi 
£vers  other  things  of  like  nature,  some  of  whidi  were 
l^en  hut  new  di>«overie8,  and  others  not  so  genemlly 
known  and  embrac^^  aa  Uiey  now  are,  with  other  things 
■ppertaining  to  what  hath  been  called  the  New  Philo- 
lophy  which  from  the  timos  of  GaliUto  at  Horcnce  and 
8^  Franeis  Bacon  (Lord  Vorulam)  in  England,  hath  been 
coltivated  in  Ttiily,  Frauoe,  Gennauy,  and  other  parts 
ibroad,  aa  well  as  with  us  in  England.' ' 

*  It  waa  Prince  Leopold  who  was  the  life  and  soul  of 
the  "  Ac<ademi3  dt?l  Cimento."  Thia  Mec:euus  of  wienco 
bcilitated  the  publication  of  the  moat  u^ful  and  dtstin- 
pii^hed  works,  he  gave  his  advice  aud  assistance  toward* 
the  reprinting  of  the  old  works  on  geometry,  he  arranged 
and  watched  over  the  collection  of  Galileo's  works,  and  of 
the  scientiSc  enays  of  Padro  Ca»teUi,  hv  tu-gcd  Torricelli 
to  make  public  tJie  mathematical  definitions  of  inertia, 
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be  encouraged  Ricieri  to  brin|?  fo  a  concliieion  tlic  Ikborto 
chargr  which  he  liiul  undei'Ukea  uf  finding  the  cona 
tution  of  the  Stelle  Modicee ;  but  in  1647,  when  tho  latter 
WJi»  giving  daily  infoniiiition  regarding  Jupiter's  satellites 
and  was  on  the  point  of  publishing  the  tables,  he  suddenly 
died,  and  hie  valuable  papers  were,  alasl  very  quickly 
Kcuttcred.  It  was,  indited,  a  year  of  ill-omen,  for  in  tt 
Rinieri,  Torricelli,  and  Cavalieri  descended,  one  after 
another,  into  the  tomb.  Bui  their  wotIch,  the  germs  of 
failure  di^ciplei^  outlived  them.  In  &ct,  ten  years  afteT" 
wards,  we  find  ourselves  tacii  to  face  with  u  great  event  in 
the  annuls  of  Hcienee,  and  nne  )noc<t  auspfoioits  fur  Italy 
and  particularly  for  Florence — namely,  the  foundation 
of  the-  first  sc-ieDtilJc  uvademy.  Wc  are  chiefly  indebted 
to  Prince  Leopold  for  the  great  idea  of  estahlifhing  M^| 
academy  which  should  be  destined  exprewly  to  the  stud^^ 
of  experimental  philoiwpby>  That  di»tinguiilic«]  man, 
wliu  was  aecuslomed  to  gather  roimd  him  for  useful  con- 
versation  tho  most  illuslrloiis  persons  of  his  timci  thought 
that  resenrches  would  be  more  systematically  pur«iicd,  and 
the  gatherings  of  many  men  would  benefit  to  a  much 
greater  extent  the  progress  of  scienoc,  if  meetings  were 
held  regularly  and  aome  rules  and  regulations  laid  down. 
Ferdinand  joyfully  agreed  to  his  brothor'a  proposal,  and 
showed  the  gri*atesl  generosity  towards  the  new  ioNtitutioD  i 
he  presented  all  his  own  valuable  instnunenta  to  it,  aikI 
even  endowed  it  with  tho  result.i  of  his  former  experiments, 
several  of  which  have  been  regarded  as  the  work  of  tj>e 
Aciitlcmy,  which  was  certainly  not  the  cose.  On  June  18, 
1657,  there  was  held  in  the  Pitti  Palace  the  first  sitti 
of  the  first  scicDtifie  academy ;  it  justly  ehose  to  n 
itself  the  *^Accademia  del  Cimeulo"  (attempt,  trial, 
essay),  and  it  selected  as  its  device  the  now  celebrated 
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9,  «  Piwando  e  Riproviind  "  (By  trying,  and  tiying 

Tbetime  isfiu't  approacliing  when  ttie  varifliw  civilised 
utions  of  th<^  Mirth  will  join   tog(^th«r  to  aid  original 
mearcb  to   a  Tery  mucli  largi-r  extent  than  thcj  have 
Uth«rto  Adoe.     '  That  by  such  Rombinatinns  of  comraii- 
lities  of  men,  evt-a  with   their  present   powers,  resulta 
nty  be  nbuined  which  at  pre^i^t  appear  impoMible,  or 
iDccmeeiii'able,  we  may  find  rea^ion  to  believe,  looking  at 
tlut   has   already  been   done,  or  planned   as  attainable 
I7  Rich  niL-anM,  in  tht!  pitmiotion  nf  knowledge  and  the 
Oteesion  of  man's  intellectual  empire.     The  greatest  dis- 
TOioy  ever  made,  the  discovery  by  Newton  of  the  laws 
^L-b  regiilati!  the  motions  of  the  eosmieal  system,  ba« 
toen  carried  to  itn  present  state  of  completeness  only  by 
the  united  efiort«of  all  t.ln!  inwi*!  intelli-ctiinl  nntions  upon 
Butli,  in  addition   to  vast  labours  of  individuals  and  of 
Unaller  societies,  volimtnrily  associated  for  the  purpose. 
AAroiKimical  observatories  have  been  established  in  every 
Itud,  scientific  voyai^e.and  expeditions  for  the  purpose  of 
obKr^ation,  wherever  they  eould   throw  light  vipon   tho 
ry,  have  been  sent  forth,  costly  instrumenta  have  been 
icted,  aohieveineiits  of  diwovery  huve  been  rewarded, 
Aiid  all  nations  have  sJiown  a  ready  sympath)  with  oreiy 
mttempt  to  forward  this  part  of  knowledge.      Yet   the 
lar};est  and  wtwi<t  plans  for  the  extension  of  liuman  know- 
ledge in  other  provinces  by  like  means  have   rciuaiucd 
rto almost  entirely  unexecuted,  and  have  been  treated 
mere  drcjtinx.     The  exhortations  of  Francis  Bacon  to 
to  Keek,  by  such  means,  an  elevation  of  their  int«l- 
condition  have  been  absented  to  in  words,  but  his 
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pluu  of  a   tnvlliiMii<;:il   ilikI    orgunU«d    nombinatioii 
iocietjr  for  tlus  purpose  it  has  never  been  even  attem 
to  realise.     If  Uie  nations  of  ibe  vartb  were  to  empl 
for  (be  promotion  of  human  knowledge,  a  tunall   fniclii 
only  of  the  muuis,  tlia  wealth,  the  iugenuity,  t)i<^  «iicTS]d 
tlie  combination  which  tltey  bav«  employvd  in  every  agt 
for  the  dcstmvtioD  of  human  lif»  and  of  human  mean  J 
cujoyuttMil,  we  might  soon  fjiui  that   what  we   bilhtrt 
knew  is  little  compared  with  what  man  has  the  power 
knowing.    If wn wvrotocoaceiveaunivtfraaland  porpHni 
peace  to  be  e%tabUahed  among  the  nations  of  the  earl 
further,  that  tboiH;  itntions  should  employ  all  tbt-ir  power 
and  meanii  in  fully  unfolding  the  intellectual  and 
capacitioH  of  their  miTmlK't»  by  early  education, 
^teaching,  and  ready  help  in  all  ways;  we  might  tbcfl 
perhaps,  look  forwanl  to  a  state  of  the  earth  in  whick 
diould  be  inhobftvd,  not  indeed  by  a  bclnj^  localted  abm 
man,  but  by  man  exalted  at)ove  himself  as  he  now  u." 


CHAPTER  XX  rx. 


MOTiTKs  ron  itntscnio  eciK\nnc  useauch. 


Let  us  iutalligently  dmw  near  unto  God, 

Is  tho  MntinicDt  mOty  uivolved 

In  the  pumtit,  disooveiy,  and  piactioe  of  Trath.  i 


Why  do  mi-n  make  ecientific  researches  and  diMOv^ 
^The  motives  of  a  puriiuit  uro  determined  by  the 
result  or  reward  it  is  expected  to  yield  ;  llierc  i 


'  WJwwell,  Tfc  JHMniiitf  ^  Warldt,  pp.  JT8,  KT. 
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ntotivff  fur  piireiiiug  Lliut  from  which  mi  oxpect  to 
ive  tio  good  effect,  nor  to  receive  recompeDse  or  plea- 
e.  Tht)  little  rewunt  uod  oiicourii(;omoDt  accorded  to 
tbff  higlivr  kinfls  of  itoieolific  reaeeurch  in  tbi*  country, 
nod  tile  L^onsequent  gn-at  Belf-deoial  re^iuired  in  ordef  to 
puntiut  It,  oft«D  compel  even  the  incwt  devoted  of  acientific 
nicu  to  aUuidoi]  aucIi  labour.  Ttie  chief  reward  of  origioal . 
'icieiiufic  rosfarcb  is  the  pleasure  of  contetupUting:  tbe 
ialriiuic  worth,  and  coiisuqncnt  lunctit  to  mankiud,  of  the 
new  knowled^  obtaioed:  and  ouch  a  reward  could  oal; 
be  viducd  bj  a  lover  <if  truth  and  bonevuloncu.  Fame  is 
u  lorn  reward  of  n^s^earch ;  it  aiTonU  no  meaoB  of  tub- 
HWteDoei  and  comparatively  little  of  it  is  accorded  to  a 
diauoverer  during  hi]>  lifi'iiuic,  becauM  tbe  Tolue  of  bis 
laboujs  is  then  understood  onljr  by  a  few  penous;  even 
popuUtrily  can  lie  obtained  by  much  euoier  nii'anis  viz.,  by 
d«Urering  popular  lectures  ou  ficieuce,  and  writing  popidar 
teieotific  bookit. 

Fame  is  the  birthright  of  geniuii.  The  fame  of  a 
Ktentific  discoverer  is  lajgely  dependent  upon  a  combina- 
tion of  Kuitahlc  oircumKtanceii ;  that  of  FrankliD  vut 
mainly  due  to  bifi  being  a  public  man,  as  well  as  to 
th*>  striking  character  of  liiv  experiments,  ax  the  drawing 
electricity  from  tJic  clouds,  &a.  The  publicity  enjoyed 
liy  a  popabir  lecturer  enables  him  to  obtain  a  larger 
degree  of  repute  from  his  di^tooverit'^  than  a  private  in- 
TMtigator.  Some  of  the  most  important  discoverieo  often 
do  not  attract  much  notice  at  the  time  (for  instonoc, 
Dafiny'*  discovery  that  there  are  two  kinds  of  electricity ; 
Young's  discovpiy  of  the  cause  of  polarirjitioD  of  light) ; 
whilst  the  finding  of  a  popular  trifle  makes  a  man  famous 
it  once. 

Tbe  most  fundamental  personal  motive  and  CDDditioa 
of  HKoeaa  Ln  original  Mientifio  research  is  an  intense  and 
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,  nnquenchnblv    love  of  truth.      A  Kcicntitic    iovestigsb 
Ifhoiilt]  love  truth  with  unceasing  fervour,  and  amnd  emr! 

ritfa  all  hia  mi^ht,  and  iinlcsK  lii'  does  go  he  will  Dot 
>able  to  make  many  important  dittcoverieii.     This 
ment  does  not,  however,  la&ia  Umt  the  love  alone  of 
i«  sufficient  to  enable  a  man  to  make  di»coveri««,  bat 
that  it  IB  one  of  the  Deccssoiy  motives  and  conditioiu. 

Wc  cannot  intelligently  love  that  wbidi  we  ciaiul! 
form  an  idea  of,  nor  discover  that  which  we  cannot 
criminnto  whim  it  is  present ;  nnd  if  we  cannot  ditcii- 
minate  truth,  we  cannot  intelligently  love  it,  nor  can  *t 
discover  it.  This  raises  the  question,  what  is  truth?  and 
how  can  Wc  dct«ct  It?  (luestionji  which  have  occupied l£« 
minds  of  men  daring  many  ages,  and  even  now  are  onl; 
partially  solved.  Tltesc  questions  have  been  already  di^ 
ctisi«ed  in  Chapter  XIII.  '  on  the  Criteria  of  SctCBtidt 
Truth ' ;  and  I  have  there  shown,  and  also  in  Oiapta 
XXXVI.  on '  the  Use  of  the  Ttitdlect  in  ScL^ntific  Rcseaidi,' 
that  scientific  truth  is  that  which  in  universally  coi»J»tail 
with  nature,  and  that  the  intellect  in  general,  and  iht 
reasoning  power  in  particular,  is  the  sole  means  by  whid 
we  apprehend,  distinguish,  and  select  truthful  ideas.  VfltU 
therefore,  is  worthy  of  love  and  pursuit,  the  intellect  {tHr 
ing  upon  the  evidence  supplied  by  the  external  world  anl 
our  own  faculties)  decider  for  us. 

The  love  of  truth  and  its  beneficent  efieet*,  ud  tlis 
fear  of  error  and  its  evil  conncquenee^,  are  the  pun* 
motives  of  human  action,  because  they  do  not  excite  miii> 
expectations  or  unreasonable  desires ;  and  to  employ  u»- 
n^julat»«l  lower  rootivei  in  the  pursuit  of  pure  sdeaoCi  ' 
would  l>e  to  use  inferior  means  to  effect  a  good  object. 

Scicutific  investigators  are  also  stimulated  by  the  «u»* 
general  cause  which  excites  motil  men  to  devote  tliemselvf?* 
to  other  occupatiuns,  via.,  the  health  aud  pleasure  deri^" 
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'tmo  pbjnical  and  mental  activity.  A  de.iire  for 
I  ta  ftbo  a  powerful  Inditoeincnt  in  mitny  ciiors.  Pecu- 
niar; motivM  can  act  but  feebly  in  original  Mcttrntific 
mearcb,  b«c»u»c  but  littl«  monc}'  can  be  obtained  directly 
or  indirectly  by  Rich  means.  A  man  who  workti  at 
science  for  money  only,  will  gain  but  poor  repute  in  it, 
la  consequence  of  thctw  circtiinxtanci-ii,  tlioec  who  follow 
reaearoh  through  the  whole  of  their  liven  are  those  only 
who  pursue  it  from  the  woithicBt  of  molircs, 

The  Iftve  of  power  U  alio  a  ittimiilu!i  to  research.  '  That 
the  study  of  the  order  of  nature  does  add  to  man\H  pow<-r, 
the  higtory  of  the  scicncci  has  abundantly  shown.  But 
Utou^  thin  hope  of  derivativft  adrantages  may  ittiiiiuIntQ 
our  exertions,  it  cannot  govern  our  methods  of  seeking 
knowledge  without  leading  va  away  from  the  most  general 
mod  genuine  form  of  knowledge.  The  nature  of  knowltidge 
must  be  studied  in  itself  and  for  Us  own  sake,  beftire  we 
attempt  to  learn  what  external  rewards  it  will  bring  us.'' 

Properly  viewed,  i.e.,  in  its  widest  aBpcd,  ori|;innl  re-  . 
K^arch  if  to  a  c<-rtiiin  extent  a  duty  and  a  ni-ctt^tttity  nltnched 
to  the  profession  of  science,  beoauae  it  is  a  most  important 
part,  and  the  highest  in  kind,  of  eoivntific  labour,  and  the 
most  praiseworthy  meann  of  attaining  scientific  repute ; 
and  it  may  be  fairly  compared  with  tfac  time  gratuitously 
given  by  raniical  men  in  atU-tidance  at  hotipitalj^  Scieo- 
ti6c  tn*-n  of  the  present  lime  also  have  been  benefited  by 
Um  researcbe*  of  men  of  the  past,  and  it  is  only  fair  that 
they  ilwuld  yield  a  similar  return  to  men  of  the  future, 

Tho  circumstances  most  likely  to  damp  the  ardour,  and 
dotroy  the  motives  for  research  in  an  investigator,  are  to 
find  that  aft«r  having  made  and  published  a  long  and 
bfaorious  iQTMtJgaUon,  the  conclusioas  were  all  n  tuitt> 

■   Wlia««tl,  PUUfj>hf  tftht  ladmniic  SeieneM,  i<oL  i.  p.  xiv, 
v3 


S{f2 


rSRSOXAI.  PaBTARAIION   FOR  BKSBASCM. 


; '  or  to  diitcovvr  that  after  hariog  Doorl}-  completed 
a  reneoroli,  some  one  ba*  pubU«bod  a  similar  one  on.. 


take 

eucb , ^ 

tlie  same  ftubjed.     In  tbia  latter  invtiua;,  bovever,  ii  iifl 
very  rarely  tbt-  c^v^  »b«t  tlio  methods  of  working  of  the 
two  invetitigatiirM  ati-  exai^tly  the  .tamv,  or  tbo  results  tbejr 
have  obtaiuod  are  exactly  identical.    It  is  almwt  impoe- 
wlilf,  in  a  new  Jiiihj(^'t  of  ri^^^-jirch  to  which  a  nuratier  of 
workers  have  been  s»tddeu!y  attracted,  that  rach  worker 
whilst    i^niorant  of   liu   odf^ibour's   exact  cmploymeatjfl 
should  he  ahh  1«  ki*p  to  a  jierfectly  MipArntc  port  of  tl>e  " 
subject;  an  esample  of  thiH  occurred  with  Jannscu  and 
Ijockyer,  when   K'parnlvly  divROvmng   the   mode  of  ob- 
serving the  Nolar  Bames  by  raeana  of  .tpt-ctnim  analyne. 
Angtber   circumsttiucc   likely   t')  dimiui^h   the   incentive 
to  rescaricb,  is  to  prematurely  diacloite  thu  chief  idea  (n^| 
resnlt :  *  What  thou  intendest  to  do,  epeak  not  of  before 
thou  docet  it.'  * 

There  are  Kveral  instances  oti  record  in  which  able 
discoreters  have  for  spcciul  rca<oii«  kept  secret  ilieir  dis- 
OovcricB  for  n  time.     '  liy  dint  of  indut^try  an<l  iK-reeverantv, 
fJalileo  had  succeeded  in  perfecting  his  telescopes,  M  that 
for  Goinu  time  ho  ohatinutely  reftiM:d  to  impart  to  anyone 
the  manner  in  which  be  made  them,  and  it  was  not  until     ii 
his  eyemght  begun  to  foil  hitn,  that  be  consented  to  crcuta^| 
a  manuiacturer  in  the  pereon  of  Ippolito  Mariani,  com-^^ 
monly  called  II  Tonido.'*    Wolbieton,  aUo,  for  a  long  lime 
kept  iiecret  bin  process  of  welding  platinum. 

■  8m  p.  tor.  *  PltlaeliTU, 

*  A<ldi«««  of  PmfaMnr  Ue  Kcchor.    Coiifvnnrat  Spociol  Loon  0>1> 
iMiioD.    Ijoodiati,  1876. 
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CHAPTER  XXX. 

ADVAHTAGKB  OF  PREVIOUS  SCIKNIinC  KNOWLBDOK. 


It  w  *  pleMure  lo  stnnil  tipon  tho  liions  ")><I  to  »n:  ithipA  ' 
bast  ii[M)n  tile  (tea ;  »  plen&ui'e  to  stiuid  In  tll(^  window  of  &  castio 
nnrf  to  sw  »  bnttlfi  and  thd  ndvcntintu  thi!nf>f  Ixilow  ;  but  no 
]>leuiiui«  is  oompuiublo  to  llie  aUudtug  ou  the  van tiige  ground  of 
tnitii  (b  hill  Dot  to  W  cnmiunndivl,  nm!  wh<Trn  the  tar  in  nlwkja 
aim  and  Hereiie).  mid  to  we  the  ertore  and  waDdenngs,  and 
uiaU  and  l«mp(Kt«,  in  thr  val«  bolow  :  m  altrayit  tliat  thin  jira- 
•pect  ho  witii  pity  utd  not  witji  swelling  or  piide. — Bacok. 

All  great  discoverers  have  posgessed  extensive  knowledge. 
A  discoverer  cannot  work  without  inatwiiil*  for  tiiutight, 
ly  more  than  without  siibstanceB  to  experiment  with, 
'rom  nothinj:;  Kothing  can  como;  even  originul  R-seurcIi 

not  create  ideaa,  although  it  ia  wmetiniea  xaid  to  do 
"BO.  Esi!-tin^  kuowledgw  is  the  baeie  of  future  diwovery  ; 
ull  our  knowIe(Ig«  of  the  future  in  implicitly  wrappi^il  up 
in  nature ;  we  requiie  to  stand  upon  the  terra-firma  of  th« 
known,  in  ordt-r  to  strvtch  outwards  into  tin?  itarkncsfi  and 
uncertainty  of  tlie  unknown.  'New  knowledge,  when  to 
aav  imrposc,  must  come  by  contemplation  of  old  know- 
lg«,  in  every  matter  which  concerns  tJionght.'     *  All  the 

who  are  now  called  discovcnTS,  in  every  matter  ruled 
by  thought,  have  been  men  versed  in  the  minds  of  their 
prede(?e!*sora,  and  learned  in  what  had  been  before  tliem. 
There  is  not  one  exception.'  *  It  is  remarkable  how  many 
of  the  great«8t  Dames  in  nil  departments  of  koowledgie 
have  been  real  antiquaries  in    their  several  subject^.'' 

■  A.  dt  HoTg»n.  A  Bndfrt  vf  I'tt.radem<*,  p.  I. 
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Knowltdge  lie^tn  knowledge,  as  wt-ultli  bc-gi-ts 
Mild  ho  wlio  po!'t>o«(M;»  much  cua  with  thu  gtrMt^t  faciliLj' 
obtaia  tnorp.  Kidding  impartH  to  us  much  more  extensive, 
viirifd,  and  usofid  knowlodgv  tbau  ol»cr*:itii>u,  tM%iiti«o  by 
niP.tnit  of  it  wc  olilahi  the  resiiltn  a'  tho  olisM-rvatioii  of 
slmoet  innumoruble  minds ;  it  also  pclds  us  a  knowledge 
tint  only  of  fiictii,  liiit  aUo  of  compariNotis,  general  idt^s, 
inferences,  imaginations  and  hypotheses,  ntady  fonuc^l.  A 
thoughtful  mitid  Ik^ooiiivm  original  in  the  very  act  of  read- 
ing  and  study.  Whilst  reading,  we  shoidd  learn  how  to 
skip  with  jiid^mviit,  Kfli-ctiiig  and  taking  iiott!!i  of  all  tho 
fiiitdameiital  Ijutha  with  tiuitatJe  illustrations,  and  auoh^| 
others  only  as  mny  be  of  Berviec.  n 

One  of  tho  miirit  impurlaut  qtialificationii  of  a  scienlitic 
dlwoverer,  ris.,  rapid  »ci«Dti6c  insight,  depends  eeteutially 
upon  tht^  poHHi^ssioii  of  Mtfiusive  kuowli^ge,  aud  especially 
ii{H>n  a  knowledge  of  great  soieDtifio  principles  and  tlieir 
relaticos  to  each  other.  Every  foct  and  every  discovery 
casts  a  light  Vieyond  itself,  and  th«  oxti-iit  to  which  this 
light  is  perceived  depends  upon  the  man.  Had  Oalvaiii 
poesesfled  as  vxtvosive  and  accurate  knowledge  of  clectrioity 
as  Volta  did,  he  would  probably  not  have  rt^fwried  the  con- 
traciiouM  of  tbt!  frog's  mitsclcs  to  his  supposed  'ammml 
electricity,'  but  have  perceived  that  the  source  of 
current  was  the  contact  of  dissimilar  metals  with  tiquids, 
kikI  liiat  the  limb  of  the  frog  was  only  u  st;usitiv«  indicator 
of  dynamic  electricity. 

A  Kcientific  investigator  requires  to  he  acquainted  Dot 
only  with  his  own  particular  .lubjcct,  but  aluo  to  some 
extent  with  theli-iuiingpriDciplesof  other  sciences,  because 
all  the  forces  of  nature  are  mon?  or  ht**  c<>nuect4^d  together, 
and  their  inRuenccs  are  liable  to  afl'ect  in  variouit  ways  the  i 
phcnomeua  of  every  fxpcrimcnt.  Scarcely  a  single  pb»*^| 
""  n  be  completely  explained  without  a  koowledgv 
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reral  Mipiici.-x,  and  he  who  knows  tlioj^o  best  k  beat 
to  explain  daw  re--<ultit.  \o  natural  pbt^nomenonl 
can  be  fully  studied  in  itiielf  alone,  but  mtiet  also  be  coo- 
uderM]  in  iU  n^Iiitioiw  to  many  otliunt  of  diff«r«nt  kiiide. 
A  IcDowledge  of  optics,  for  example,  greatly  asgUts  us 
in  uodvrsUtnding  tliv  subjects  of  cryctKllognipliy,  mincral- 
f,  coh«!tion,  Hoimd,  &c. ;  and  that  of  electricity  greatly 
Jb  us  io  cotnprt'hending  magnetism,  chcnuBtry,  and 
oUier  sciences.  It  vs  evident  from  thi«,  that  oxtennve  and 
elect  reading  is  a  valuable  preliminary  preparation  for 
^nal  MjicutiGc  rescaich. 
Beading,  however,  is  only  a  means  towards  research. 
The  object  is  not  to  nmass  exiHting  kuowledgo,  but  to 
apply  it  to  facilitate  the  discovery  of  more.  It  is  not 
usually  the  man  who  possesses  the  greatest  amount  ot 
scii-ntific  knowltHige  who  makes  the  mo«t  dificnvurie^ 
Time  occupied  in  reading  and  study  cannot  he  employed 
in  experimenting.  An  ^^xcess  of  roiding  and  study  n«uully 
aUo  residts  in  the  production  of  an  unnecessarily  large 
number  of  questions  and  hypotheses,  far  more  than  any 
on«  man,  or  even  many  nmn,  can  satLifactorily  examine. 

Although  a  knowledge  of  science  in  general,  and 
especially  of  th«  particular  wcicnce  involved,  is  of  such 
great  advantage,  it  is  possible  for  a  man  who  has  not  been 
educated  in  either  to  acquire  the  ability  to  make  dis- 
OOTerie*;  of  this  Prii'^tley  is  a  notable  inxtance.  He  was 
a  prolific  and  rapid  discoverer  of  new  and  important  quali- 
tative iBcieiitific  tnitlis.  He  wits  (■ntiri-Iy  »clf-tjni{;ht  in 
ch^nistry,  eicept  having  attended  a  course  of  chemical 
turcs.  He  knew  but  littk-  about  substances  except  the 
.  and  these  were  his  especial  subject,  and  he  is  said  to 
KV«  been  led  to  study  them  In  consequence  of  living  near 
a  brewery.  His  chief  re^tearchcs  Wttro  commenced  when  he 
was  about  35  years  of  age.     His  experiments  were  crude ; 
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ht;  in:id<.-  but  little  use  of  the  balnnce,  aud  )i<^  iHM  quite 
tmaVile  to  nmke  cliemioal  analym^  His  t<iiL-o«SEt  ins  largdy 
due  to  his  great  industry  and  perseverance  in  one  object, 
i\nd  lu  liix  biiving  )H;li!Ct«<l  »  comparBtively  un«ip1or«d 
portion  of  science,  which  was  tJien  ripe  for  reaearcb.  The , 
vxumplc  of  Priustley  provf«  thut  a  discovvrsr  may 
entirely  wlf-faiiglit ;  and  that  it  i*  not  absolutely  neveasaiy] 
to  be  whiit  is  termed  '  an  all-round  man '  in  order  to  di^J 
oover  new  ecientitic  triithg.  If  a  man  makes  new  hu:U 
Bciesce  his  continual  object  of  pursuit,  and  is  veiy  indus-l 
trious  and  pcrnevcriiig  iu  the  si^arch,  be  will  sooner  or  luterj 
tind  some,  whether  he  ha.4  been  previously  educated  in  tli< 
BubJGCt  or  not.  The  distulvuntaget^,  however,  of  s  defective  ' 
education  and  want  of  exteufive  knowlodfje  of  :i  wihjrct  w*  n 
80  great,  tliat  only  in  rarecasei)  have  uninstructed  pers-^netiiefl 
iicccKury  amount  of  indurtrj'  and  pcrsevtrancc  io  <)iialify' 
themselvea  for  the  pursuit  of  original  research  in  sciencev  i 
NotwithRtaridiDj;  tbo  value  of  previous  readiug,  maDj^f 
who  are  well  read  in  science  do  no  research  :  it  is  also  aaJd^ 
that  one  of  our  best  iuvesti|{utors  in  pbyi-icti  and  chemistry 
(the  late  Or.  Matthiei!«en)  did  not  praeti«e  it.  Some  ori^ 
ginal  workers  prefer  to  exhaust  their  own  imfiginalions  fit 
and  then  read  the  particular  subject,  and  tbiri  plan  has  the 
principle  of  action  and  reaction  to  recommend  i(.  Il 
also  thought  by  gome  investigators,  that  reading  befor 
hand  lead*  one's  mind  inseui^ibly  into  the  groove 
that  of  the  author,  and  thus  causes  mental  Uaa  a»d 
prevents  the  development  of  originality.  But  this  argu- 
ment woidd  apply  to  all  previoii.s  knowledge  whatever,  and 
lead  us  to  assume  that  the  most  perfect  condition  of  mind 
with  which  to  commence  a  rt-Hcarcb  is  a  complete  tabuia 
rasa,  or  entire  ignorance  of  everything,  and  thus  conduct 
to  the  illogical  conclu!<iou,  that  the  best  nay  lo  obtain 
original  ideas  is  to  destroy  all  the  conditions  of  thought. 
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Jf  a  roan  cannot  acquire  tin?  knowledge  of  others  vithoub,! 
loeing  bis  indepcndcncf  of  thpti^ht-,  it  is  uvidtmt  )ic  canuofc 
bvconie  an  original  iovestigator.  As  a  matter  of  fact> 
Iiowever,  acquiring  the  knowledge  of  others  operst«a  in 
diffcrcut  wayH  according  to  thv  cuudiliori  of  ttiv  mind 
ac<]iiiring  it.  If  a  roan  reada  inattentively  or  too 
rapidly,  the  chief  effect  is  confusion;  if  he  ruids  with, 
moderate  attention  and  i*  not  occupit-d  by  preponceivedl 
opposite  views,  his  mind  is  drawn  into  the  f^roore  of  that 
of  the  author,  whctlK-r  tlic  latti-r  be  right  or  wronj; ;  hut 
if  be  attentively  considers  what  be  is  reading,  with  a  de- 
termination to  understand  clearly  the  author's  meaning, 
be  acquires  a  proper  baiiis  of  knowledge  on  which  lo  raise 
hypotheses.  So  &r  as  the  statements  of  an  author  are 
tnie  it  it  highly  diatirablc  that  an  investigator  should  adopt 
them,  because  he  is  thereby  preserved  from  error.  An 
inve«itig»t'>r  who  docs  not  acquire  sufficient  knowledge  of 
the  hihoiirs  of  others  in  Mti-ncc.,  run*  a.  great  ri»k  of  repeat- 
ing their  experiments,  and  of  falling  into  errors  which  thej 
have  corredi-d,  and  no  one  should  risk  being  erroueotis  for  , 
tJie  sake  of  being  original. 

It  in  also  of  advantage  to  become  Boqiiaintfld  with  all 
the  neaearcbes  which  h»v<'  ln-tni  inude  io  ft  particular  sub- 
ject before  we  proceed  to  investigate  it.      But,  however 
eareftil  and  diligent  we  may  h<'  in  searching  for  such  infor- 
mation, we  occasionally  fail  to  hnd  .lome  one  or  more  pn))- 
liiJied  rcMWrcltes  or  experiments.     One  great  reason  of  this 
is,  that  the  results;  of  many  rir.'"-.'irclieK  published  in  foreigOi 
languages  have  not   been  translated  into  English.      Th« 
iQilgnifioent '  Otalogiic  of  Scientific  Papers,'  published  by 
the  Royal  Society  (partly  by  the  aid  of  a  grant  of  money  j 
from  cHir  tioveminent },  has  greatly  rcdiicml  the  difficidty. ' 
A  great  n»ny  scientific  inveetigations  have  been  made 
sinct^  the  yc«r  1 800,  and  the  catalogue  contatna  the  names 
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of  the  authors,  and  the  titles  and  references  of  nearly  every 
selcutific  (Miper  published  in  anjf  lanpiiigf  finoe  that  year, 
down  to  a  recent  date.     The  n:u»t  elTeotiia]  way,  therefore, 
to  obtain  complete  iDformation  of  what  has  been  previously 
douc  in  uuy  pitrtioukr  iicii;nti6c  ^iibjoct  u  fintt  to  refer  to 
the  topic  in  all  the  English  eoientiRc  hoaks  and  periodicals  ; 
then  from  the  names  of  u'lthorv  mentioned  in  thoae  to 
refer  to  the  catalogue  for  tht^  tilleji  and  n^erenec*  of  tlieir 
papers,  und  then  to  the  papers  tbemselvps  whether  in  Englinh 
or  foreign   liiii^rtiiigi-s.     In  those  original  papers  will  pro- 
l)ai>ly  be  found  the  names  of  other  authors  on  the  same 
subject,  who^e  papers  must  be  similarly  found  and  referret^^ 
to  ;  and  m  on  in  this  manner  from  one  paper  to  anotlieiF^ 
until  DO  more  can  be  found.     Duriog  the  last  few  ysan    ii 
also  the  Chemical  Society  of  London  hiL«  piibliiihed,  ia  thci^J 
journal,  abstracts  of  all  foreign  reaearches  reoastly  made" 
in  pliyitics  an<l  chemi«l.ry,  iiiirl  during  a  longer  period  the^ 
'  Cliemical  New« '  has  contained  somewhat  similar  alxitract 
in  a  very  brief  form.     In  the  German  language  a  eimll 
plau  hue  lieen  carried  out  oil  a  more  extensive  tcale,  diirii 
many  years,  in  a  book  entirely  devoted  to  the  object,  and 
entitled  the  *  Jahresliericht  fiir  Cbemie.'     AU  these  fiidli- 
I  tate  the  search.  i 

^B  Tlie  foregoing  plan   of  finding  published  reeearche^l 

oeceseitates  some  knowledge  of  tlie  continental  langiiagoa|H 
e»pe^-ially  Germau  and  French.  Even  with  the  utmostfl 
care  a  research  may  sometimes  be  mieaed  in  eoiUMiiiDiice 
of  being  included  under  the  title  of  a  wider  or  different 
subject,  or  from  other  causes.  Once,  in  this  way,  after 
I  had  discovered  and  made  a  long  investigation  of  the 
phenomenon  of  electro-inngnetio  tontion,'  and  publtsbed 
an  abstract  of  it,  Professor  Weidemann,  to  whom  I  bad 

■  8m  Philota^hical  TraiuaetUiiu  of  tht  Royal  Saeittg,  ISTi,  p.  SS9. 
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lM^Dt  a  copv,  informed  me  tkut  ^omc  of  tin-  cbivf  fact»  I  had 
di»cov<*-r<>i,l  lind  Inx'ii  ftmiKl  liv  him  twolvi;  yvrirt  Irfoie  and 
publiabed  in  '  PoggendorfiTs  Anoalen,'  under  the  wider 
title  of  '  M«gQeti««h<;  UiiUnucliuugeii.'  Tbis  iillc  did 
not  iadi<;at«  the  special  character  of  the  phettamenon,  and 
tiw  nMarch  had  not  been  rofvrrBd  to  in  any  of  thu  papers 
on  kindred  suljectii  which  I  had  previously  exartiinttd. 

Munj  rases  haw  occurred  of  th«  i-«di»covery  of  the  same 
tntths,  through  naot  of  knowledge  of  their  previous  dis- 
covery ;  as  an  instance  may  be  mentioned  that  of  the 
iUialog}'  bt-twecu  thi;  malbi-uiuLicul  tlicoi^' of  conduction  of 
beat  in  solid  bodiett  and  that  of  electric  and  magnetic 
Bttmction.  The  known  mathematical  theorems  regard- 
ing ihc  conduction  of  brat  wurc  6r»f  applied  by  George 
Green,  of  Nottingham,  to  establish  srjme  of  the  most  im- 
p'Htiut  theorems  in  the  mathematical  theories  of  electricity  , 
and  magn4:ti>iii,  and  publisheil  by  him  in  a.  taast  general 
aod  complete  form  in  the  year  IHSB.  They  were  subse- 
qtiently  rediKoovcrfd  by  Gauss,  of  Gottingen  ;  then  inde- 
pendently by  Charles;  and  Uien  again  by  Hit  William 
Thompson  in  the  year  1842. 

A«  it  is  fr(!i]iiently  almost  iDiposeibte,  in  ooDsequeDOO  I 
of  absence  of  sufficient  records  or  testimony,  to  asoertaia' 
or  infer  with  certainty  the  exact  circuinst«ncca  which  led 
to,  or  formed  the  chief  cause  of  a  given  discovery,  it  ia 
[MYibable  iJiat  some  of  the  following  instances  are  not  really 
ones  of  redi^eo^■e^y,  The  variation  of  the  moon  wa*  dis- 
covered by  an  Arabian  astronomer  of  the  tenth  century, 
aud  wa»  rcdiscoven-d  by  Tycho-Brah^,  six  centuries  lator.^ 
The  Chinese  appear  to  have  noticed  the  variation  of  the 
nui^et  in  the  year  1111,  long  before  Columbus  redis- 
covered it.*    The  Arabiunis  about  the  year  1000  of  the 

•  Wliewell.  JTUfM^ 9* (A« /N^tvCi'm  .S-ifnwf,  vol. i.  3rd    "il.pL  ITS. 
■  DavU,  Ckiime,  f^  8**,  S'8. 
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Christian  Era,  lukhtttmlly  i-iDpIoyi>d   the  pendtilum  a*   « 
im-asurer  of  time  in  their  astronninical  obw-n-al ion*",  ueaily 
600  years  before  Galiltio  diecovtrcd  the  principtp  of  th»l 
inglnimitDt.     Gober,  nearly  it  thoiisaiid  year"  ln-ftire  Lavoi- 
sier made  a  nmilar  dJticovery,  had  Ktut«d  that  if  a  ceitsin 
weight  of  lead,  imn  or  rapper,  vra*  heated  in  »a  open 
vcwel,  thr  metal  would  weigh  more  after  it  wan  beAted 
than  it  did   before.      Cunoeus,  in  the  year   1746,  redis- 
covered the  ehief  property  of  the  Leyden  jar,  which  had 
been  found  by  Vun  Kk-ist  duang  the  previous  year.    Boyl« 
in    1650,  and  Huhse<jiitiiilly  Miirintte  in  1676,  found  by 
means  of  txiierimente  the  relation  of  the  density  of  the 
iitraogpheric  air  to  ita)  pressure.     The  observation   made 
by  Nicholiut  St«no,  a  Dane,  in  the  year  1669,  that  altlioiigh 
the  sides  of  a  hexagonal  crystal  of  quart):  might  vary,  it^ 
angle-ii  are  not  changed,  appears  also  to  have  been  redis- 
covered by  noiiiiiiic  Gulielmiiii,  who  wiys  in  1707,  *  there 
is  here  B  principle  of  crvKtitUization :  the  inclination  of  (he 
planejE  and  of  tht?  auglea  is  always  constant.'     Canton  in 
the  year  1752,  and  Wik-ke  iil*i>,  dincovered  that  sub<tauo<^ 
in  the  vicinity  of  an  electrified  body  acquire  an  i>p|M»ite 
kind  of  electricity.     Dr.  Wollaston  followed  closely  upon 
the  heels  of   Dalton  sk    the    original  discoverer  of   the 
atomio-Uieory ;   in  the  Philosophicitl  TranmctJona  of  the 
Royal   Society,    1808,   he  staled    that   he   had  observed 
in  various  instances  the  amounts  of  combined   acid    in 
neutral  and  acid  waits  to  be  as  t  to   2  in  the  two  salt«, 
and   that   it   was   hist   inl«nlion  to  ascertain  whether  or 
not  this  was  a  general  law  in  such  compounds,  bad  not 
Dalton  published  bi#  more  general  theory  which  included 
this  ntlu.     liL-rzelius  aUo  was  upon  the  same  track  when 
he  beard  of  Daltou's  views ;  and  he  then  found  that  they 
were  fully  confirmed  by  his  own  numerous  analyse*.     Wol- 
la«ton  and  Fraunhofer  discovered  the  lines  in  the  solar 


aCIKMiriL-  TBACHBBS  8K0CL1>   UK    LSVESTIIiATOIUI.        301 

tfjHftniin  mdepeadently  of  each  other.  NVullarton  and 
MAI.  Kilter  and  Bcckmaii  iiUo  iii«-«vi?r«I  sunultaneouiilj  the 
ttltra-violi^t,  or  invuibli^  chemical  rays  of  »olar light.  The 
diseovery  of  thallium  by  Crookcs  was  soon  aftcrwai'ds 
folloncd  by  th«  rcdi^covi-ry  of  Ihiit  s^iitistiincc  by  Lajiiy. 
My  explosive  eleotni-depoeited  aotimony  ha«  nlso  beea 
Beveisl  times  rcdiiicovcicd  by  di^orciit  pcTHoiis, 

In  w>«m  ca»<«,  however,  the  possiSiision  wf  scieutific 
knowledge  acts  latber  as  a  hindruncc  to  original  ie.«ciircb, 
by  abeurbiiig  the  miud  in  the  uc<|iii.4iti<)n  and  contempla- 
tion of  what  is  already  known,  instead  of  cawing  ita 
poBocBPor  to  piftn  onw!ird«  to  the  lionour  of  discovering 
new  truiha.  Thin  is  conspicuously  the  case  with  scien- 
tific Etudi-ut«  vho  huve  been  taught  by  Protessors  wliu  iire 
DOt  Iheituelvea  original  investigators,  and  is  lamentably 
•D  to  a  large  extent  at  our  old  I'uiversitiea.  In  Germany, 
bowcver,  wbrre  the  teiicbera  tliemselvo*  possess  the  geniua 
uf  originality,  and  in  those  Institutions  in  thU  country 
wbcre  u  similar  condition  exiittti,  llie  students  are  va~ 
ootiraged  iu  otiginal  work  by  their  teai'Ler^  and  thus  ac- 
qatie  the  ability  of  making  discoveries. 

It  liax  also  been  remarked,  tJiat  tbe  po«#efsion  of  math&>  < 
malical  knowledge  has  sometimes  induced  ma thetnaticiana 
toabetaiu  from  making  experiment*,  because  tbeir  theories 
•l^wared  complete  and  not  to  include  them  ;  and  has 
onsed  tbem  to  doubt  the  truth  of  the  results  of  new 
ozp«riinent«  made  by  others.  It  bas  also  been  said  that 
all  the  truths  in  elcctro-dyniimics  discovered  l)y  Furaday 
might  have  wisily  b(f.-n  predicted  miitbemiitically  from  a 
knowledge  of  Ampere's  laws  ;  but  it  is  a  noteworthy  (act, 
that  although  tliat  truth  is  now  so  palpable,  it  wa«  not 
manifest  to  the  greatest  mathematicians  at  the  time, 
liecause  no  one  predicted  t]ie«e  vflocts,  nor  stated  tliut 
truth  until  after  the  effects  were  obtained ;  and  this  Is  in 
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'accoixlunce  with  our  ciporiciico,  tbiit  wt-  oft-wn  in  rr 
do  not  perceive  new  truths  that  lie  close  to  us,  thr 
want  of  what  is  tenned  '  scientific  insight,*  or  more  cos 
recUy,  through  insufficient  knowlwigp  anrl  pover  of  lojjic 
analysis.     But  most  of  theae  cases  are  instances  of  want  of 
suitable  distribution  of  our  powvn,  and  not  prooft  that  . 
scieiitifitr  knowlwlge  is  a  real  hindrance  to  research.     To 
succeed  in  researcti, '  intellectual  (cnnnastic  power '  muH^ 
not  Bup^THudc,  )iut  be  combined  with  the  other  eonditioa^B 
Hoth  our  time  and  our  faculties  are  very  finite  quantitiefl, 
and  if  we  employ  them  wholly  in  other  dcpartmt^ntd  or 
fornu  of  Rcivnce  or  thought,  it  follows  asamatter  of  course 
that  we  cannot  employ  them  in  orifpnal  research. 

From  the  vuriouK  re;mirks  already  ni«d<*  respecting  the 
advantage  of  extensive  and  suitable  reading,  and  from  iJie 
fact  thai  a  midtitude  of  Ecientific  truths  are  Bettered 
throu;jhout  mniiy  pulili cations,  and  are  not  all  C0Dt«it)ed 
in  any  one  of  them,  it  is  evident  that  a  scientific  man  who 
U  much  cnpiged  iu  research  requires  to  have  at  band, 
ready  for  reference,  most  of  the  standard  works  and 
periodicals,  in  several  languages,  of  the  different  fciences. 
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TALDI     or     ttTFDT. 


1W6  tatcDt  will  bocoroc  ori^nnl  in  the  very  act  of  engaging 
*ttkU  with  th«  ideas  of  oUmts;  nay,  it  will  oft«n  »yn*ert  the 
4ctM  of  piwviouii  nnthore  into  the  ^iMen  ore  that  ahiaos  forth 
*0  ibt  wuild  ua  iU  owa  peculiar  creatioD. — D\t.  Ciiohwkll. 

tti  addition  to  reading  nnd  knuwU-d^  study  &Ieo  is  «x- 
^mocly  tm{>orluiit ;  hy  iU  aid  we  raine  hjpotheWR,  and  we 
are  aci  only  enabled  to  deduce  particular  inHtances  from 
(fenerttl  lawg  unit  principU-d,  Imt  aUo  U>  BDceiid  by  tlx-  pro- 
cos  of  itidiK'tioD  from  particular  instaDceH  to  tliu  great 
tmtlis  of  uaturc  from  which  they  fiow.    Ah  by  muling  the 
thoughts  of  ot)i«rH  we  loam  how  to  think,  an  hy  knowing 
and  studying  the  disroverivs  of  othorF  we  learn  bow  to 
Haoavcr.     Newton'tt  expUmation  of  his  great  »»we^  in 
itaearob  wae,  that  he  kept  his  mind  continually  fiied  on 
kissuhject. 

So  man  can  carry  on  deep  trains  of  thooght,  nor  pro- 
perly gtiide  n  wnsitivc  imagination,  except  tinder  the 
Do>t  favourable  conditions ;  even  Newton  and  Moj^rt 
re(|uired  to  b»  frp«  from  diGtuTbaiic«  whilst  conceiving 
their  Iih-a*.  The  excitement  of  diKciixsioii  i»  not  thftt  of 
Kmius ;  the  great  truths  of  science  have  rarely  had  tbeEr 
^giD  in  tlw  ar^na  of  debatv,  btit  nearly  always  in  the 
[•tody  oad  laboratory  of  the  ipiiet  philowphcr.  Moot  great 
tdbcorerers,  including  Newton,  Harvey,  ('avendish,  and 
.  ilttitn,  have  dislikctl  controvvnty.     It  is  always  during  the 
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I  act  of  (]uiet  etudy  that  the  noUest,  mott  oompK-x,  und 

L  most  <liviu«  powers  of  the  mind  are  exert«l.     But  iitiuiy 

^K  alone,  however  intense,  and  won  when  expended  upou 
^^  coDioiis  stores  of  facU,  only  enables  »«,  by  IJh-  mental  pn>- 
c(;»iicn  of  comporiKoii,  gi.rn<-ruliHUtion,  oud  inference,  to 
evolve  the  knowledge  which  the  fuotx  implicitly  contain. 
Wlien  expended  upon  insufficient  data,  it  only  produces 
hyjKilhetioal  ideas,  which  may  be  true  or  untrue ;  and  to 
ascertain  whether  they  are  true  or  not  thej'  must  bo  com* 
purt-d  with  iulditiouiil  facts. 

In  every  scientific  queHtion,  even  with  the  most  intense 
meditation,  men  find  that  they  soon  come  to  the  limits  of 
now  thonghtii;  a  barrier,  likv  a  priHon  chamber,  rises  inj 
every  direction,  which   is  impassable  until   new  experi^l 
meut«  are  made,  or  ni^-w  kiiowlod^-  which  bears  upon  the 
((ucMtiun  is  attained.     An  infinite  ntimlier  of  new  idc 
cannot  be  evolved  from  a  limited  number  of  old  oe 
becuusf  thi»  cimibinations  and  permiitatioiiM  of   though^ 
are  limited ;  according  to  the  principles  of  logic,  from 
premiscR  we  may  only  infer  one  new  ]iroi>o»itiou.     What 
in  Uue  in  this  respect  of  a  single  question  and  a  singls 
investigator,  is  true  of  an  entire  science  immediately 
it  has  been  closely  examined  by  many  original  workers ; 
caimot  further  advance  it  imtil  other  sciences  which 
upon  it  have  been  l^irtber  inve»tignted.     Nor  can  we  evolv 
from  thit  &ctsalready  before  us  more  than  a  mere  fraction 
of  the  truth  they  contain,  beciiusc  the  light  of  other  fitcttt  is 
neocjoairy  to  disclose  tJiem.     There  are  subject*  and  ques- 
tions, and  indeed  plenty  of  them,  on  which  no  amount  of 
mere  thinking,  however  great  and  intotue.  will  alone  enabli- 
UH  to  n>lvi: ;  and  these  are  precisely  the  ((ueMtious  which 
ill-managed  minds  contintmlly  profess  to  be  able  to  solve. 
'The  subtlety  of  nature  far  cxccedj  the  subtlety  of  gense 
ftud  intellect,  bo  that  these  fine  meditations  and  specula-. 
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tiotu  nnd  reosomn^  of  men  art  a  port  of  inaanit; ;  only 
Uicrc  i»  U(i  ODtr  at  hxod  t»  rctjiurk  it.'' 

The  meUiod  of  treatment  of  scientific  queationii  by 
meKns  of  sttuly  awl  debate  aloiii',  m  nometiinvt)  emplored, 
witbout  experiiQ«ut  or  without  cxpcrieiic^c  iu  loiutipulit- 
tive  research,  is  a  v«ry  imperfect  one,  Waiue  it  rarely 
»«ttl»  u  qiu-^ion.  It  has,  howuvvr,  the  advantiigo  of 
raising  olijection^  (uiiually  imaginary  ones)  for  actual  ex- 
perience in  scii-nc«  to  nfute,  and  thus  helps  to  clear  the 
wray  fur  wirntific  [irogrew.  I^orance  nnd  Kiipt-rglition 
arc  always  unwit^ingly  aiding  their  own  downfall,  liecimse 
their  •^i»t>.:iice  is  inconsuitcat  with  the  very  nature  of 
tbingB,  and  a  contradiction  of  the  great  lawa  of  tlie 
Creator. 

It  is  not  by  study  only,  nor  by  any  amount  of  mental] 
stru^le,  nor  yet  by  any  degree  of  desire  for  truth,  that  we 
uxc  ciuilikil  to  ftt.tain  it,  but  by  the  cninbiu<.-d  action  of 
these  means,  under  the  (guidance  of  reason.  Truth  which 
is  attained  without  the  discriminnting  power  of  the  in- 
t«llt%t  i»  only  hit  upon  by  iicuid(.'nl  or  uncertain  empirical 
rule,  and  ia  not  hnoutn  but  only  gv^-a^al  to  be  truth.  No 
Uiod  exertion  will  conduct  a  mitii  (o  new  IcilowKtdgu  withj 
oertainly.  In  order  to  attain  scienliBc  truth  by  raeanal 
of  !<tudy,  the  mind  must  contain  clear  ideas  of  the  great 
prtnciplt^«  uf  nntiirv,  systematically  arranged  in  their  order 
of  degrees  of  intrinsic  importance,  and  be  experienced 
in  tracing  their  relations  aad  cunscquencus.  How  far 
o  man  who  has  not  properly  prepared  his  mind  for  the 
tliaeeniment  of  scientific  truth  is  Juetitied  in  making 
scientific  aswrtions  based  upon  study  alune,  is  a  matter 
for  which  he  alone  is  responsible,  and  wMcli  be  would  do 
well  to  i«riou)<lv  comttder. 
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ADTAXtAflB  OF 


A  DiscOTERRR  IK  «  t^^rtcr  of  scientifio  ideu;  lie  must  not 
only  be  able  to  imngine  likely  bvpothesea,  and  to  m-liwl  siiit- 
ablo  ODC  for  investigation,  but,  >i»  bypotlioses  may  be  true 
or  untrue,  he  must  aUo  be  competent  tn  tiivmt  uppro- 
pnate  espcrimeots  for  tertiog  them,  and  to  devise  the 
requisite  apjiaratiH  and  arrangements. 

Experiments  and  obeen'ations  are  the  original  jotin^eti 
of  now  iciciitific  ktiowlciifjc,  Tlic  chief  use  of  experi- 
ment* i»  l<o  enable  iia  to  te^it  hvpotheiie!*  and  vfrify  trui; 
ones  t  to  expel  error,  increase  the  certaiDty  of  oiu-  know- 
ledge, and  extend  tho  domain  of  wiicntific  tnitli.  Aa  so 
tnan  can  foretell  with  certainty,  except  in  special  cases, 
the  result  of  a  new  mid  iinlricd  experiment,  trials  and 
observ  ations  must  be  made,  in  order  to  settle  tJie  C|i: 
tion,  and  wrong  paths  have  often  to  be  traversed  befa 
we  find  the  right  one.  From  every  ejcpcriment,  howc\'e 
if  carefully  performed,  some  doSnite  knowledge  may  b» 
obtnined,  pruvidert  its  conditions  arc*  definite  and  known  |, 
and  by  means  of  a  sufficient  variety  and  number  of  <>jip 
ments  wc  are  cnnbled  to  nuswcr  a  particular  questieu,  • 
several  questions,  and  thus  to  sweep  away  a  laT]gc  numb 
of  alternate  folse  liypolliosui  we  bad  framed  with  ib 
Ijconnnlo  d;»  \''inci,  prior  to  J-ord  Bacon,  iiuggestcd  16 
the  proper  mode  of  diticovcring  new  scieatifio  knowledg 
was  by  mcmnn  of  experiment  and  ohvervation. 

Tlift  mo*f  accrurate  conditions  for  ob^rratlon  arc  j 
lly  obtained  by  means  of  experiments,  because  ne  («0l 
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tuually  TDftke  Ruitnblv  arntnf^ctncntti  for  that,  purpose. 
ExpLfiment  Li  usually  abo  %  potent  and  immedialt-  ni»mi> 
of  testing  a  question.  Wc  mt(;bt.  in  nearly  all  oases,  wait 
for  4svtr  and  not  meet  with  thir  (■onditiuns  or  irsulu 
obtainable  by  a  single  pood  teat  or  arrangi?m«nt ;  for 
instance,  the  alkali  inetalM,  potii-tKimn,  sodium,  &c.,  would 
pcobably  not  have  been  seen  to  the  preaent  day,  had  not 
special  contentions  boen  invented  and  urrangi-d  to  set  them 
free,  and  to  preserve  them  in  that  state,  Tlie  projfr«wi  of 
discovery  ii;  gcnoniUy  mori;  slow  in  »iibj(.-ct«,  in  which  we 
cuinot  make  many  experimt'nt^  such  a^i  astronomy,  hn- . 
cause  we  have  frequently  to  wait  ft  long  time  for  the  ne- 
cessary conditions  or  plu-noinima  t^i  occur,  us  in  au  cclipsa 
of  VenwB;  and  when  they  do  happen,  we  are  generally 
iinablc  to  obUiin  the  moni  v^Mt^ntial  condition  of  a  test  ez- 
ptfrimenl,  vix,  changing  only  one  condition  at  a  timi',  ami 
ore  obliged  to  prepare  everything  bcforcluind,  and  make 
the  mortt  of  the  brief  opjjortunity.  Phenomena  which  tjikc 
ptaoe  in  a  living  l>eing  during  the  course  of  a  diseaite  ara 
also  similar  in  th(>s»>  respect*.  DLjioovery  is  cupccially 
»low  in  those  subjects  whore  the  phenomena  not  only  occur 
only  at  long  intervals  of  tiinv,  and  arc  very  brief,  but  are 
lUo  in  Ibe  hi^lient  degree  uncertain  as  to  time  and  pluco, 
as  in  the  sttidy  of  the  phcnomciiii  of  falling  stones,  &c. ; 
uhI  ibe  same  remarks  iipply,  though  to  a  1«ks  extent,  to 
those  of  Ciirthquakea. 

Every  new  qncotinn  which  has  to  bu  tested  generally 
requires*  a  numlfer  irf  new  experiments,  or  new  modificar- 
tionit  of  old  oues,  and  thus  every  experiment  has  to  a  gre&t«r 
or  less  eilent  to  be  invented.  During  the  wwrsc  of  each 
Qxpttriment  aUa  new  difficulties  continually  arinte,  and  uvw 
contrivances  have  at  onoe  to  bo  deviticd  in  order  to  over- 
come Ihem,  and  thus  ingenuity  is  constantly  ou  the  rack. 
It  is  therefore  not  only  dosiiuble  that  the  investigator 
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Hfa&uld  bo  acquiuntAd  with  all    the  variou*  cuntrii-auoo! 
which  Imve  boea  employed  by  earlier  inveslj^tflrti   for 
overcomiujif  their  difficulties,  but  uUo  noi-raeary  tb«t  lie 
Khoiild  W  able  to  invent  new  naea  readily  liimwlf.     Such 
facility  of  iuvvntioo  is  grwitly  nidcd  by  a  ^oeral  know- 
ledge  of  all  the  ncience*,  bc«autte  tlie  idt-sut  of  the  c-on- 
trivances  by  which  the  question!  are  tested  and  difficitllifm 
overcome  iirp  oftvu  deriiwl   fmrn  tomv  othsr  braoeh  of 
ccience  different  from  that  of  the  Bwbject  of  n'M--arcl) ;  for 
instance,  the  method  of  delecting  the  state  of  vibralion  of 
.sounding-plittcs  by  strttwin;;   iiuind   upon   tb«m  was  sag- 
gested  to  Cbladni  by  Lichtenberg's  experimentd  of  Mat-  H 
tiTiiig  powders  on  an  electrified  plate  of  resin.     Investi-  ^ 
gatorit,  under  such  circumstances,  oflen  seek  Ute  aid  o^~ 
clever  mechanicH   and  optician^  who  have  often  in    ihis^H 
way,  without  fee  or  reward,  rendei-ed  great  and  unosten — ^^ 
tatious  assistance  to  the  progress  of  new  knowledgi;; 
notable  instance   of  tliis   was   the   hite  Carl   Becker, 
London.     In  these  ways  also  have  arisen,  and  been  gia— - 
dually  brought  to  tbi-ir  present  state  of  perfection,  nearfw"^ 
all  thn  experimental  apparatus  and  appliance's  for  produc— — 
ing,  det«cfiug,  rL-guhiting,  and  mcuKurjug  all  the  differvuO: 
Bubsta.nrea  and  forces  of  nature. 

If  the  object  be  to  ascertain  by  experiment  n  qualita.  — 
tive  ^t,  and  tiU>y  it»  quantitative  ainoimt,  the  fonnr-r  i  ^ 
usuiilly  determined  first.  For  instance,  in  chemic^—^ 
analysis  wo  first  make  iiuiilitativo  tests  to  ascertain  wlifc-"* 
subttanrcs  are  present,  and  tht-u  proceed  to  find  thei^^ 
amounts.  In  testing  a  scientific  question,  either  the  moss^ 
Qondusivu  or  the  most  eiwily-tnade  tests  are  gcneisU  ^' 
applied  the  first.  Having  decided  to  tert  a  question,  »a^ 
tnvent«d  a  method  or  expcrimont  for  the  purpoK,  it  is  i_  *• 
many  cases  a  wise  coiu-se  to  plan  and  then  arrange  c^r 
construct  a  practically  workable  esperimenl  or  apparat&s^ 
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of  Mioh  inalfrialx  a«  aw  moat  ready  iit  Imud.  Tbc  un- 
esseotjal  parts  of  such  a  modal  may  generally  !«  of  the 
roughed  ktiiO,  but  thi;  n>«cDtial  conditiaDs,  ns  far  as  ne 
know  or  can  gii«iiit  tbem.  should  be  fiilfill<<(]  ait  pertVicU; 
u  piMHiblc.  For  example,  if  u  feebto  rotatory  effect  is 
aooght  fur,  Uic  friction  of  thr  moving  parts  should  be 
reduced  to  a  minimum,  and  the  motive  power  exalted  to 
ibc  highwt  degree.  CircumKtuDces  which,  we  feel  asdiued, 
do  not  affect  th^-  rismlts,  «ucl»  .1*  cruduutss  of  some  part* 
of  the  apparatus,  and  in  some  cases  even  impurity  of  the 
materiidfi,  m«y  Jic  entirely  disrcgarddd ;  but  this  point  can  1 
only  be  determined  by  actual  knowledge,  and  should  not 
br  acted  upon  unless  w«  arc  quite  certain.  Emiuent 
inveriligalori  b»vi'  usually  contttnioted  thn  appiiratiis  used 
in  their  tirst  experiments  on  a  subject  in  a  rough  sort  of 
way;  the  model  of  the  first  Kafety-lamp  made  by  Sir 
Humphry  Davy  was  formed  by  wrapping  a  piece  of  wir»-j 
gauw  round  his  thumb,  and  i«  now  in  the  possession  of  tbe ' 
Royal  Society.  Undue  fondness  for  beautiful  apparatus 
it,  in  the  adult  stud4.-nt,  ni'^tr  x  sign  of  an  amnteur  than 
of  an  original  mind.  When  an  investigatiim  in  completed, 
an  apparatus,  perfect  in  appearance  and  durability  as  well 
as  in  action,  may  then  with  propriety  be  conMnicted. 

As  new  phenomena,  when  lirst  discovered,  arc  often 
very  miauto,  the  proportiunK  of  the  different  parl»  and 
conditiouii  of  the  exfieriments  sliould  be  very  carefidly 
considered  at  the  otit:M;t,  or  as  soon  a«  possible  ;  for  want 
uf  th>«,  early  experiments  often  fail,  which,  if  pro{)erly 
arranged,  would  have  succeeded.  Where  the  cSocts  are 
extreucly  minute,  they  are  magnified  or  multiitlied  by 
means  of  various  contrivances,  which  differ  in  almost 
every  different  ease,  and  thi-sc  eoutrivitnccs  arc  de»criln;d 
in  books  rcbiting  to  the  variou-)  sciences.  The  pendulum 
is  u  well-known  meaus  of  magnifying,  by  multiplicittiou. 
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minute  differenceB  of  time ;  the  mirror,  for  ma^ifying* 
the  sigos  of  minute  movemcnU,  as  in  the  needles  of  mag- 
nelometcrs  and  galvanotneters;  the  elucUi*^  condeiiwr,  for 
multiplying  the  effect  of  minute  electric  charges ;  and  so  od. 

Experiments  nn^  iiituatly  arrniigtil  upon  a  «uiU>hle 
degree  of  magoitude,  such  that  the  desired  eflfect  may  be 
conspicuouH,  and  interfering  circumstances  lu  smull  u 
poRsihle,  for  thi-  l;itt«r  (in-  often  grt-atcr  than  the  expected 
result.  An  ordinary  chemical  aualysia,  for  example,  is 
litiuatly  madu  upon  from  20  to  lOO  grain.*  of  the  nab- 
stance,  in  order  to  keep  within  a  moderate  compass  the 
Biiiivoidiibl"  crrore  of  the  process.  Vilicn  the  exptvt(.-d 
effect  i^  small,  the  subatanoe  or  apparatus  for  producing  it 
should  bo  large,  and  the  toeaus  of  dotectJng  it  should 
rfery  dtfllciit*-. 

Kxperiments  are,  in  some  cases,  made  for  the  purpea^ 
of  discovering  tt  new  phenomenon,  and  in   otlicre  for  in— 
Vftjttigaling   an   already  itimwu  truth.     In  the  latter  tn — 
stance,  if  the  phenomenon  appears  to  be  of  an  altogether" 
novel  kind,  the  cxijeriinents  have  lit  the  outset  to  be  mad«^ 
in  a  less  systematic  way,  until  some  guiding  idea  of  it^^ 
probable  nature  is  obtained ;  but,  even  in  such  a  case,  tht^^ 
employment  of  a  table  or  series  of  leading  ideas  for  niisiiig^ 
hypothescB  is  of  advantage,'      In  a  series  of  experiment^.^^ 
eep«cially  in  thotte  raitde  for  thtt  ]>urpoi«e  of  dt^^rminit^^S 
causes,  we  ugually  varf  only  one  eircumstance  or  conditiori^ 
at  a  time,  and  dntw  from  it  a  single  or  small  number  O"*^ 
coacliision.<.     In   other  coses,   however,   by   meAnK   of  H^ 
single  experiment  wc  arc  sometimes  enabled  to  make  ^^ 
whole  stjries  of  determinations  at  once. 

All  experiments  have  Hmjte  of  time  ;  some,  however^""' 
require  very  long  {)erioda.     Sir  William  Tliomson  has  i-^Vi 
progre^  wme  experiments  of  ditTusion  of  an  aqueous  soli^^' 
'  RWP1.3TU. 
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tlon  of  mt|j)iat«  of  copper  in  Y«r_v  lull  vt-rtic:il  ghiies  tubes, 
which  are  calculated  to  require  several  hundred  years  to 
oooiplote  Ihi^m.  A  multitude  of  cipcrimeiitM  ia  tbe  mb- 
jects  of  crystal lisation  nud  liquid  dilTiision  might  etu>ilT 
be  devised  and  commenced,  which  wuuld  require  thousau<Li 
of  jwtr*  for  completion. 

Before  cotDmeiiciog  an  experiment,  a  plan  should  be 
formed  of  ilw  modo  of  couductiii^  it,  i.«,  of  the  ordiT  in 
which  the  vuriuiut  changed  slxinld  bo  mudo,  and  of  the 
notes  to  be  talteo.  A  raemoiandum  should  alHo  be  made 
of  tht^  different  otibstuncos  or  upparutuit  emplojod,  thvir 
conditions,  forms,  weights,  sixt-ii,  positions,  relations  to 
cscb  other,  temperature,  or  otht-r  circumstances  which 
may  appear  essential,  in  order  that  their  etfectH  may  be 
studii-d,  and  that  the  experiment  may  be  exactly  repeated, 
if  aect-esary,  at  any  fat.tire  time.  In  complex  ex{K;riini*nts, 
or  in  thos!  with  daaj^orous  substances,  a  rehearsal  is  often- 
UmeH  neoeMiary  befoio  tho  actual  experiment,  iu  order 
that  every  attention  may  be  paid  to  the  more  critical 
poiul.H  in  the  actual  trial.  I  frequently  adopted  this  plan 
whilst  inveetigating  the  propertit^  of  the  pjctremely  dan- 
gerous stilwtJUKw,  anhydrous  hydrofluoric  acid.  Having 
made  all  the  necessary  prcpurntionn,  a  preliminary  trial  is 
tbem  made ;  and,  ha.ving  thus  found  that  the  apparatus 
aod  materials  will  act,  one  of  the  lir«t  points  to  bv  dcter- 
miucd  is  whether  or  not  any  of  the  obviousi  or  well-known 
oauacM  of  interference  are  influencing  it.  If,  for  exam^e, 
a  galvanometer  is  used,  and  its  nei-dlo  moven,  that  insitru- 
meat  ehoidd  Iw  disconnected, and  the  experiment  repeated 
wUbout  it.  If  the  needle  now  movei,  an  iDtorforence 
esiiite,  and  the  galvanometer  must  be  removed  to  su<-h  a 
(Uatancc(!tunu;limi-s  lui  much  tw  ;iU  or  40  feet)  from  the 
experimental appaiatiLS  that  an  experiment  with  the  latter 
no  longer  affects  it,  except  when  the  two  are  couneoted 
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tojfBther.  In  nearly  all  chemical  ex  peri  ni  rate,  in  ordw  to 
pn-^-ent  iDt«rfer(3ii,:efl,  thtt  fir^t  preliminiiry  ooiidltion  to  be 
»«cured  is  a  high  degree  of  purity  of  the  sutetatKes.  Even 
■when  a  now  or  iminvi^stigati-d  |>h<tnomi-iion  diK«  really 
exi^  tho  exclusion  of  interferences  takes  a  long  time,  and 
tfa&n  another  long  period  is  coii«iinicd  in  developing  the 
phenonienon  to  a  degree  of  magnilude  miitaMe  for  investi- 
gation ;  and  very  few  of  the  experiments  made  up  to  this 
point  can  be  puhlished,  I)eca<i»«  they  »re  imperfect. 

In  actual  research,  tlie  experiment  <ir  apparatus  is 
oft<m  arranged  in  i^iich  a  vfny  tliat  the  order  and  dispovi- 
tion  of  its  ditferent  parto  can  be  readily  altered;  aod^j 
whilst  the  ex|ierimcnts  are  in  progrssSi  the  direction, 
tance,  and  stn-jigth  of  the  forces  employed  iire  varie 
instead  of  preparing  afresh  for  every  modified  ttiaL  B\r^ 
this  plan  a  number  of  ri-sutlit  find  the  meuiiK  of  drawin(5_r 
many  conclusi'ins  are  obtained  with  the  trouble  of  onl^^" 
one  preparation.  For  exiimplf,  if  a  large  voltaic  batter^^ 
i«  employed,  a  niunber  of  experiments  are  prepared  hefor^^ 
char|;ing  it,  unti  thv  Inittery  ik  so  arranged  that  the  mag  — 
□itude  and  tension  of  its  current  can  lie  easily  varit^ 

The  n\imber  and  extent  of  the  pivparatioas  oeoogjju^' 
for  experiments  vary,  of  course,  with  the  character  uncj 
magnitude  of  the  research.  Nearly  always,  the  amount  of 
trouble  ri'unired  to  prepare  for  (experiment*  in  verj-  much 
greater  than  that  expended  upon  the  actual  trials.  Wait- 
ing for  «uhrtances  and  apparatujn  is  a1«o  u  fn-quent  source 
of  delay,  and  clearing  away  the  residues  of  expcnments 
oonsumoH  a  grx^at  doul  of  time. 

For  the  piurposes  of  experiment,  every  phynical  inroli- 
gator  requires  u  »uitablf  iirid  sul^ieient  supply  of  nialtriab 
and  apparatus,  especially  those  necMtai;  for  generating;, 
governing,  detecting,  and  meaauring  the  different  foine* 
of   nature.     Every  ehcmtcnl    experimentalist  also  newb 
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to  posses  a  stock  of  ordinsuy  and  rare  ch«]iuc*ls  of  th« 
higiicft  Ktlaiunble  <I(^gre«  of  purity,  &»  well  as  cruder  ones 
for  commoner  parpoees.  Bare  minerals  and  the  residue)! 
of  pvculiitr  manitiiirtiiring  proceiwis  especially  thoeie  ob- 
tained in  llie  n-orkin^  of  rare  subetances,  comititute  a 
valuable  addition  to  the  xtock  of  «n  investigating  chemitit, 
because  new  elementary  bodies  and  the  wide-spread  exist- 
ence of  the  rarer  olemcats  have  not  unfrequcntly  been 
disco^xTcd  by  oxntuiiiing  mch  Hulutanceit. 


CHAFl-KK  XXXIII. 

XBCESStrr   OF   UANIPflJlTlTIi  SKILL. 

Nmt  in  importance  to  tbc  skilftd  iwc  of  a  gitU^A  mind  in 
reseatcb  comes  deiteronii  eiiipb:>yment  of  the  human  band. 
To  the  mental  <)tialification8  of  tjcicntific  knowledge, 
ima^nation,  and  invt- titlon.  It  is  nlmniit  indispensable  to 
add  aptitude  in  mechanical  matters,  and  cleverncsi  in 
ex]>erimenlal  manipulatioD.  Great  manipulative  ability 
can  be  acqiiired  only  by  long  practice,  which  should  bo 
comraeiicocl  at  an  curly  agw.  Fundncw  for  mechanical 
purstiita  in  a  child  has  often  betokened  skill  in  discovery. 
Newton,  when  a  youth,  viae  clever  in  ronstructing  mecha- 
nical toys.  In  seientitic  ftiidy  alito,  as  in  otlier  abftruse 
meditations,  the  mind  soon  becomes  exhausted  by  intense 
thinking,  but  U  uMuaily  ri'lii-vrd  by  pre[iaring  and  making 
experiment-*.  Study  and  manipulation  in  physiea  and 
dtemintry  go  hand-in-hand,  and  in  actual  rvitcarch  tbcy 
often  alternate;  from  the  results  of  an  experiment  just 
made  wc  draw  now  conclusions  unci  infer  additional  bypo- 
Uiesea,  and  we  then  make  otiier  exi>criment«  to  tOft  them, 
Uid  BO  on. 
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'  Tlie  accurncj  of  a  drtcnniiiatioii  oftea  dcpvwJs  mucli 
laorc  upon  ll]«  akill  of  the  operator  thau  upoD  the  con- 
Btruction  of  th«  instrument  uswi ;  antl  thus  Caveitdisb, 
with  iiitnv  oxide  us  hia  ri^ageni  aiid  «iiter  as  tbe  coiilitu»g 
liquid,  made  many  hundred  anaJysee  of  air,  collected  iD 
variouii  localitieM,  ia  1781,  and  found  tlte  perocntage  of 
OJcygi'D  to  be  invariably  20-83,  a  number  neartj-  identical 
with  tJicMW  obtaiiivd  liv  Bun»un  and  Itej^ult,  wiUi  inucfa 
more  perfect  meanii.  Hut  the  average  chemisi  of  that 
day  obtained  tbo  most  discordaiit  results  with  the  nme 
apparatuA  and  matrrial.s,  ;Lnd  would  doub(.le«^  al»o  do  M> 
at  the  present  day,  Uy  improved  apparatus  and  methods, 
l,lie  work  of  tiie  avcr;igc  cliemi«t  is  mule  to  equal,  or 
nearly  so,  that  of  the  most  skilled.' ' 

As  ovvry  differviit  substance  possesses  diffi-ruut  pnv 
pertie."!,  and  every  ditlerent  apparatu.*  protluces  ditlirrenl 
effects,  or  is  for  a  more  or  lens  diSerent  purpose ;  and  aft 
th«  uumbur  of  known  HidiHtnoties  ia  extremely  great,  and 
tht;  kinds  of  apparatus  extremely  varied,  it  is  evident  that, 
the   moden   of  manipulation  are  equally   divuitn.*.     SotD» 
of  the   suhHtauces   employed   are  very   explo^i\~e,  otlufis 
are   deadly  poisonous ;    somu  are   iu  the  highest  d^re^^'^j 
volatili.-.  and  require  vnonnouH  pressures  to  liquefy  tliem  ^^| 
some  take  fire  on  contact  with  air,  others  by  contact  with^ 
water;  some  eJtplo<le  in  the  presence  of  light,  others  b^' 
a  slight  riae  of  temperature ;  iome  require  to  be  tnadi^ 
liquid  by  the  very   highest  tompi-rature,  others  by  th^^ 
application  of  the  greatest  degree  of  cold,  and  the  most^^-" 
powerful  pressure,  &c.     Many  of  the  pieces  of  apparatii^^- 
olao  are  extremely  fiagile,  and  r«<]uirc  tlio  most  delicat^^ 
roaougemt-nt,  nml  in  many  of  the  experiraentu  the  t-ffecte^^ 
produ<».'d  are  so  exoessively  minute,  that  only  by  the  aic9 

■  AiUrnM  bjr  Dr.  Fnnkknd.    Cbnfemutn ;  Vuv>C6aei^0o,Lotidof»m 
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of  the  most  perfc-ctly  coaatriEcted  and  complex  arrange- 
tocnt  of  nppuratiu,  iuimI  iitidcr  tin-  nio^  fuvounibl<^  cxm- 
dition^  can  they  be  detM^ttHl  at  nil.  In  microAcopic 
maDipuIation  we  require  to  luljust  thu  lenses  to  the  exact 
focal  difl.toi'c,  in  ordi-r  to  ncn  Iho  lim-jt  on  t«8t-olijH'tc.  In 
usilig  a  spectroscope  we  have  to  eiclude  extmneoua  light, 
and  to  teparutv  ii»  f;ir  au  pos^ibttt  Uib  compound  lino;«  with^ 
out  too  much  enfeeliling  tln-ni,  and  so  on. 

Uescriptions  of  the  methods  of  preparing  and  using  all 
th«  (lifforout  subst^iMcrs,  the  motion  of  making  particular 
eiperiment.H,  the  manipulation  and  precaiitiona  requi^te 
in  usinj;  difTi-rcut  kindii  of  iippunituK,  •&!.-.,  may  be  found 
in  all  the  text-lMokil  of  phytiics  and  ohemiilxy.  How  to 
irork  with  a  microHcopc  rec^uires  a  treatise  to  itself.  !-imi- 
brly  a\mi  ^ith  a  .ipeott  [y-.C'ipe  and  witli  th«  in.tt  rum  cuts 
and  materials  of  each  particidar  science  and  art.  Some 
books  aw  entirely  dovot*^  U>  dcitcriptionit  of  the  mode*  of 
Boanipulation ;  for  iniitance,  aiuongst  others  may  be  men- 
tioned Faraday's  'Chemical  Mauipulation,'  WiUiams'a 
'Haud-book  of  Chvmiea]  Manipulation,'  Koldraiuch's 
*  Physical  Measurements,'  Latimer  Clark'M  '  Electiic  Moa- 
aurement,'  &e. 


CHAPl'Elt  XXXIV. 

TATIOS  OP  PHOOMKSA.      USK  Oy  TUU  SB«S£S   IN 
SCIEMIKIC    BKSEAROI. 

Trk  terra  'observation*  is  uaually  apphed  to  Uio  diructiou 
of  our  senses  and  p<-rccptive  powers  to  objects  or  phe- 
aomena,  «i]>eeiaily  exti-rnal  oum.  In  order  Ut  olmcrvc  a 
tiling  consciously  we  usually  require  to  employ  both  our 
ten»c«  and  perceptive  abililie» ;  thus  wv  may  be  looking  at 
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an  object,  and  althoiigli  (lift  nij*  of  ligltt  prix-ocding  from 
it  strike  our  wye  and  cjcite  the  optic  nerve,  unlcKt  our 
attentJon  U  directed  (*  it  wt  <lo  not  pt-reeivB  it, 

Obsen-ation  ditFers  from  eiperiment.  B_v  cipcrinivnt  w« 
evolve  f]ict»,  by  obiWTi,'atioii  wc  fiud  tfacm.  Ntither  experi- 
menta  nor  otiier  phenomena  of  nature  imjuut  to  us  oev 
iinowlpdgi!  unless  vie  obat-rvo  tbcir  effects,  because  it  is  in 
the  vMv  net  nf  olwcrving  tbat  knowledge  is  iK-quir«l  by 
the  mind.  In  observing,  we  simply  notice  and  record  tivs 
conditions  and  pliciiomcna  prcsputcd  to  us,  und  it  matters 
not  whether  they  are  ibiise  of  prepared  t-xpcriinunts,  or 
those  of  phenomena  over  wbicli  wo  liave  no  control. 

Qiialitiilivt;  otitiervation  is  vtrry  important.     Tlie  difr— ^B 
covery  of  a  fict,  however  strongly  it  may  have  l»een  anti-^H 
cipat«d  or  pri.*dieted,  is  not  completely  or  n-ally  made tintiiA 
it   ban   l"'en   actually   observed.      Accurate  quantitative^ 
obaer\ation   is   also   important ;   Tycbo   Brah^   made 
immense  number  of  most  exact  records  of  (be  poKitious 
tht^  heavenly  bodies  with  tbc  aid  of  the  best  of  astroDo-" 
mical  instnimciit.i,  and  these  reoordi*  aflerwsrds  becam^^ 
the  foundation  of  Kepler's  well-knoR-n  taws,  and  of  moden:::^ 
astronomy. 

01>»i*r\':if  ion  is  closely  connected  with  iiiAi)i])ulation 
making  an  experiment.  Not  only  must  the  inveslignto: 
manipuliitc  so  a-i  to  produce  the  desired  rfTect,  but  be  mug 
know  liow  to  ol'scTve  it  when  it  does  occur,  al^o  know  wba' 
to  expect,  where  lo  look  for  it,  and  what  preeautioDs  t^w^ 
take  ill  order  to  best  perceive  it.  In  some  caM«,  before  w^^ 
actually  make  an  experiment  we  write  out  a  list  of  nil  tb^^ 
effects  tiint  we  can  imagine  to  be  likely  to  appear,  an^=^ 
this  is  a  very  good  plau,  because  it  pointd  out  to  ux  wba_i^| 
to  look  for.  A  logiud  habit  of  thought  helps  us  in  foniK^^^ 
ing  such  a  list,  because  it  aids  us  in  defining  oloarly  th  -^ 
greatest  possible  number  of  nlternativeA. 
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During  the  progress  of  wi  expmment,asotirperceptive 
fttouUi<-s  an-  ti-rv  liitiitijil  in  ildiciicy,  nil  llx^  m-ii>i(-n  af  the 
investigator  miiiit  be  on  the  alerl  in  order  to  detect  un- 
eippctfld  pffcct*.  as  well  as  to  obscrvf  tliost-  which  are 
antici|)atod,  or  for  which  the  experiinf-nt  was  purposely 
made,  otherwi^  small  and  di«{;uiscd  etfectj«  will  often  past 
unnoticed,  and  wt>  must  not  forget  that  muall  ulfftct^,  if 
they  are  unusual  ones,  are  often  the  sipis  of  ^icat  pencral 
phenotnena.  WIk-u  Kaniday  fimt  dlscoverpd  niiignelo-vleclric 
action,  the  effecte  he  obtained  were  so  small  that  he  could 
scarcely  pt-rwivc  tlicm. 

During  the  experimejit  aim,  all  the  reRiilts,  and  all  the 
DlterstionH  made,  and  their  effects,  shuidd  be  faithfully 
and  truly  recorded  ;  ami  we  must  have  no  preconwivcd 
enooeous  ideaii  of  what  to  expect.  In  recording  them  we 
must  be  in  tho  hijjhest  degree-  unprejudiced  and  exact, and 
neithitr  add  to  nor  distract  from  tli<^  truth  ;  f<'r  nailing  will 
be  sure  to  detect  and  expose  any  'cooking  of  the  resultfl.' 
Wf  must  also  endeavour  to  notice  every  cssciitijil  pnrlicu- 
lar,  and  make  an  accurate  and  complett^  record  of  rhein  at 
Uie  time,  or  at  least  before  they  have  become  at  all  dim  in 
th*  memory.  In  talcing  notes  of  experiment*:,  it  i«  of  but 
little  use  to  record  minor  fects  if  tlie  more  important  one« 
are  omitted;  the  iuvesti^itor  should  therefore  tie  pre* 
vioHsly  qualified  to  appreciate  in  some  degive  the  import- 
anee  of  the  more  e-i^cntial  points.  Generally  aliwi,  an  soon 
as  an  ex]K>nincnt.  or  a  few  (ucpi^iimt^ntK,  have  Wen  made, 
conclusions  should  be  drawn  from  tho  residta,  and  sugge;^ 
tions  noted,  iie«iu.-ui!  the  particnlai!*  aa*  then  fresh  in  the 
mtnri,  and  modifications  can  then  be  conveniently  effected. 
Effects  which  cnnnot  then  lie  understood  may  be  left  for 
«ub«Miuent  and  more  serious  consideration.  By  a  single 
obsen~alion  we  usually  add  a  single  new  fact  to  our  know- 
ledge; but  if  tliat  fact  i»an  important  one,  like  Oersted's 
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disoovcrj  of  vlcctTD-msglietiem,  it  may  implicitly  contain 
a  multitude  of  otheni.  In  snxaie  cams,  persons  nbo  are 
skilled  in  routine  observation  only  make  more  correct 
ol)w;n*ation«  of  ibe  ]iarticiil»r  kind  than  tltOM  who  know 
more  of  the  euhject  generally,  becau-ie  their  minds  are  less 
occupied  liy  pariictdar  views. 

Oli»?rvuti»ns  are  tiKually  concrete  ideas,  and  ofteo 
consiEt  of  a  great  many  simple  conceptions  combined  into 
one.  When  wo  rai-nOy  ohsLTvr  the  phenomena  of  nat 
WW  obtain  ideasof  facts  ^ofdiffi^rent  degrees  of  complexity) 
between  which  we  may  at  any  time  make  comparisoti 
from  tlicdc  eornpari*onit  draw  inlereucca,  am!  form  deci^ 
KJonH ;  and  oftentimes  we  do  so  at  once.  In  making  ooc 
parisone,  or  druwing  infuroncee,  wc  also  observe ;  in 
former  onae  wp  observe  tlie  facts  or  ideas  we  wixb  to  cot 
pare,  and  in  the  latter,  the  propositions  which  we 
desire  to  confront. 

We    acquire   atl   the   basis   of  our  knowb-dge  cit 
tJirough  our  esterual  semen  or  by  means  of  internal  sensa* ' 
tion  and  perception  ;  and  as  we  could  not  obitorve  unles 
there  existed  something  to   be   noticed,   so   the  endless 
phenomena  of  nnture,  inubuliiig  tliose  of  our  bodies  »ii 
mind»,  are  the  original  source  of  excitement  of  our  ol 
iterv-ing  power.     The  two  general  conditions  of  observation* 
are  nature  and  mind,  i.«.  the  plienomena  to  be  observeil^ 
and  the  mental  power  to  oliserve  them. 

Observation  is  essentially  iietive,  and  may  be  primarilyl 
ilivided   into   sensation   and  jierception ;    both  of  which' 
include  mental   activity.     Every   feeling  occupies,  to   x 
grcjittr  or  less  degree,  the  entire  mind ;  and  percepti 
may  be  vicwt-d  as  a  mental  capacity  of  feeling  impre«si< 
made  upon  the  brain. 

Tlie  Aenses  may  be  eoumeratttd  as  oousisting  of  tliosal 
of  organic  life  in  our  physical  frame,  muteular  feelii 
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touch,  twt«,  floell,  hearing,  and  right.  It  is  a  pcctiUnrit; 
of  the  nerre*  of  each  purticulax  sense,  that  an  oscitemeot 
of  them  proiUicM  only  the  kiinl  of  ccR-liral  impression 
belonging  to  that  sense.  Thus  excitement  of  the  optio 
nervtf,  whctbpr  prothiwil  by  light,  mcchaniuul  or  chutnictil 
Ktiinuln^  or  hy  diw-ase,  produeeii  only  tlie  impression  of 
light,  while  the  seDiation  of  i^ound  only  is  produced  by  the 
most  divt-rsc  caiwe«  exciting  the  nerved  nf  hearing.  And 
as  the  nervea  of  the  senses  collectively  minify  through  the 
whole  of  our  phyNical  friimc,  and  are  idl  of  thorn  liable  to 
be  irritated  by  functional  change  or  disease,  it  is  obvious 
that  when  they  »rc  so  affected  wc  art'  subject  to  nil  kinds 
of  sensations  and  perceptions,  and  are  apt  to  make  oorre* 
sponding  erroneous  obiicrvationit,  uidcst  we  take  proper 
pTi(ica)it4oni<,  and  canftdly  examine  the  circumstances.  A« 
I  have  already  indicated,  in  Chapter  IX.,  some  of  the 
chief  sources  of  erroneous  obwrvu.tion,  and  it  i*  beyond 
tlie  scope  of  this  Iwok  to  enter  into  the  dttaiis  of  correct 
observation  in  particular  ncieuce^,  I  inu;<t  refer  the  reader 
to  books  on  special  sciences  for  information ;  and  w  ft 
knowledge  of  the  pecidioriliex,  variations,  nnd  deccptioaa. 
of  each  nf  the  seiutes  would  assist  a  young  scientiliv  inves- 
tigator to  avoid  making  false  or  defective  observations,  I 
may  recommend  a  perusal  of  a  description  of  them  con- 
tained in  Professor  Bain's  work  on  *  The  Senses  and  the . 
Intelkflt,' 

The  iK>ft'pr  of  observation  differs  not  only  in  kind,  but 
also  in  degree  ;  some  of  our  acts  of  observation  are  so  feeble 
as  only  to  feebly  excite  our  consciousness,  others  excite  it 
powerfidly.  Attention  may  bo  considered  B  high  degree^ 
of  volitional  olni-rvation,  and  is  a  conscious  mental  vfTort 
to  observe  a  sensation,  perception,  or  idea,  already  present 
to  the  mind.  The  highest  degree  of  olMiervatiooal  action 
ii>  both  conscious  and  volitional.     The  fee)>ler  degrees 
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otwervation  belong  to  the  trubjcct  of  *  unctHWCioue  oerebra- 
tion.' 

All  oar  powers  of  obsert-ation  are  limited ; '  and  Uw 
limits  of  their  Action  ilttpend  liotJi  upon  our  inherited 
nud  acfjuired  ability.  '  We  can  hear  from  20  to  73,(«)u 
wnorous  vibnitiouD  per  iH'Ci>n<],  or  ao  estreme  nngs  of  be- 
tween 9  iind  10  octavea.  The  cry  of  a  Ixtt  'n  too  acuU 
for  some  persons  to  heiir'*;  and  a  pntotised  ear  can  dis- 
tinguish 1209  from  I'lUi  niiiiiiltAneoii*  nbratioiui  per 
second,  of  two  tuniog-forfcs.  Professor  Itarrett  lias  ^bowB 
thnt  -rounds  which  itru  inaudible  to  un  may  be  deteoted 
bv  mcan»  i>f  a  iiensitive-flame.  Various  faetn  in  natunl 
history  ronder  it  probable  that  Bomc  animals,  and  espe- 
irially  jns>.-ct»,  poiwess  either  Henxes  wltii;h  we  do  not,  or 
degrees  nf  acuteneas  of  sense  exocodin^  ours,  liaac  Taylor 
(I  think  it  was)  remink«<l  tlmf  if  our  minde  were  not  de- 
fended by  the  twdy  from  the  influencea  of  external  niitiin: 
around  tiii,  our  lives  would  be  n^udered  miMrrrtble  by  the 
aeut^nees  of  our  Hensatioiu.  It  is  not  improlNible  th 
by  admini«terin(t  certain  gases  or  vupours  to  ouraelvi 
and  thus  incrrjwiuj^  the  canitoiou.tneits  of  a  particular 
whiUt  diminishing  that  of  others,  extremely  feeble  soun 
odoum,  flavours,  Ac,  might  hi:  detected  which  could  not 
otherwise  be  perceived. 

The  power  of  observation  is  also  liable  to  be  interit)ivd 
witli,  diminished,  or  prevented,  by  variou.*  caim;*.  Simul- 
taneous olwervations  of  diverse  phenomena  can  only  no-Ir 
be  ma'li.' ;  the  obsL-nation  of  one  thing,  either  by  pre- 
occupying the  mind,  or  by  exercising  a  more  {lowrrfiil 
attraction  upon  it,  usually  preveutti  our  fdmultanraui^iy 
obserdog  another.  t^jnflictingBensations are  very  ctfectuol 
in  preventing  observatiuu,  because  they  are  a  powerful 
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8ouroe  ft  other  Ideas.  As  the  mind  cannot  lie  KimaU 
taneou^ly  ocoupieti  by  two  ideas,  one  of  vhich  is  so  vivid 
u  to  oecup7  tliv  wholu  of  it*  atlcntiou,  «o  an  i<I<iii  arising 
from  a  !>trong  sensatiou  usually  ehiita  out  all  power  of 
obecn'ing  (rthi.T«, 

I'hat  which  one  man  mUses  in  science,  anotJii^  per- 
ceives. Thtfi  is  oft«u  the  case  ;  for  example,  I  discovered 
the  »itdden  elongation  uf  an  iron  wirt?  at  n  [iiuticiiUr  tem- 
perature whilHt  under  longitudinal  btrain  during  the  act  of 
cooling  from  a  iijd  liwit ;  l>ul  Prol'tissdr  Barrett  by  repeating 
the  experiment  in  a  darkened  room  made  an  additional 
observation  which  I  hjul  misstd,  viz.,  that  at  the  moment  of 
elungntixD  the  wire  suddenly  cvolvod  heat,  and  vihibitvd 
a  visible  and  conspicuous  momentary  glow  of  redneas. 

As  the  grvat  bulk  of  inat^-rial  plicn'nuoua  arc  extremely 
minute,  and  our  faculties  of  oh<iervati(in  are  exceedingly 
feeble,  WB  observe  only  a  small  proportion  of  the  effects, 
and  lbn»e  only  the  larger  ones,  which  actually  occur.  Noo- 
obf^rvation,  therefore,  does  not  prove  non-existence, 
exoppt  in  those  castas  in  which  it  is  certain  that  thoobjecta 
if  picM-nt  would  have  been  observed.  As  our  faculties  lure 
powerless  to  appreciate  perfect  accuracy,  and  »cientifio 
instntineota  are  more  or  Uii*  imperfect,  tin-  results  we 
observe  are  always  probable  or  approximate  only.  Many 
phenonwDa  aiv  also  accompanied  by  ollu^rs  which  cannot 
he  separated.  For  example,  current  electricity  is  always 
socompaniud  by  magnotinn;  clicmiciil  afliuity  is  nearly 
always  attended  by  evolution  of  heat ;  the  action  of 
gravity  is  a  concomitant  of  every  phenomenon  ;  and  »oon. 
Some  phenomena  also  arc  marked  by  others ;  for  instance, 
positive  and  negative  electricity  often  diaguiiu^  each 
other.  Sometimes  we  feil  to  obeervc,  because  we  have  not 
used  the  proper  means  to  produce  Hit!  greatest  degree  of 
effect,  or  we  have  not  obtained  a  sufficiently  conspicuous 
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instant'c.  In  other  case^  vhcro  the  effect  is  olxervable 
bftve  not  employed  tl)«  correct  method  of  nhtervalion.  Ii 
muBt  also  not  be  forgotten  that,  whilst  makings  obsena. 
tionn,  we  are  wry  apt  to  \>f  (Uta-Wi'A  \>y  owr  Mstsn; 
targe  pro)>ortion  of  what  we  deem  to  observe,  <r^<lo 
really  observe,  but  infer.  False  observations,  slated  as 
fact*,  art!  uftfii  mort'  injiiriou:!  to  scji'iioe  tliiin  fal*f 
theories;  the  latter  can  ti^ially  be  disproved,  but  tbf 
former  soinvtimcs  cannot,  because  the  only  opportunitj 
of  doing  so  may  have  pasMKl  away. 

There  are  two  general  conditions  fa\'oiirable  to 
detection  of  miDuU^  Kulinljinceit  or  action*  :  firrt,  by  in 
ing  the  magnitude  or  intensity  of  the  thing  to  be  observed 
and  second,  by  the  employment  of  more  delic«t«  t4-st»  ctf 
niean»  of  observing.  Thus — I,  'An  intense  light  will 
enable  a  smaller  object  to  bo  seen.  2.  A  wbit«  picture 
can  be  seen  »iniiller  than  a  blue.  3.  A  line  t^u  bo  smd 
better  than  a  point  of  the  same  diametw.  The  small' 
angle  for  a  round  body  is  iO"i  a  thread-like  object  is 
oeroible  under  an  angle  of  3";  a  glancio,'  wire  can  imprtMi 
the  eye  at  an  angle  of  y.''  In  the  subject  of  chemi>tty. 
detection  of  substances  in  very  minute  amounte  is  usuuU^ 
facilitated  by  causing  them  to  produce  pi-ecipiLite*, 
coloured  solutions ;  and  in  other  sciences,  OUT  powers 
obticrvution  arc  immcnatily  extwidcd  by  the  aid  of 
scopes,  microscopes,  spectToscopes,  and  a  great  variety 
other  instruments,  spi-ciiiUy  desired  for  tlic  purpose,  also 
by  tbe  employment  of  sjxrcial  mi;thod«  of  manipulatio: 
The  |>articidar  kind  of  lest,  instrument,  or  mode  of 
ptUation,  is  usually  different  with  each  differt-nf  force, 
every  different  claesof  phenomena.  Descriptions  of  t 
and  of  the  various  ways  in  which  we  may  be  deceivi 
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wbilst  obterving  ditrvreiit  ptienomena,  are  to  be  Touod  in 
tineatiaes  on  the  various  ficieDc«e.  A  lar^  amount  of 
io  formikUon  ivM^-Ung  t)i«  condition*  nnd  uiuthods  of 
observing  and  meajiuriug  plicnomciia  relattu};  to  astro> 
oomyT  mnguuti^m,  hyilro^raphy,  ttdt-x,  ^Hii^iiiptiy,  |^o- 
ItJ^t  eaith<)iialteji,  mineralogy,  meteorology,  wind«,  Ixtluuy, 
etiinoloKy,  mi-dicinc,  iituti«tie«,  &c,  in  contained  in  tb« 
'  Admiralty  M:inu:tl  of  Sdcntilic  Inquiry,'  by  Sir  J,  F.  \V*. 
Herat^liel,  Bart,,  and  is  vrcll  worthy  of  study  by  a  ytjung 
expvrimeu  til  list.  Afauy  vabiiiblv  oljiiervutioDii  eUmi  of  a 
getivral  cbiiract«f  on  the  avoidance  and  elimination  of 
error  in  pliydcol  obsi-rvutiouK,  art;  conUiued  in  Jevons's 
•Principles  of  Science,'  tliapter  xv. 

Ak  it  is  an  eesentiat  condition  of  succfBsful  rest'arcb, 
that  the  iuvrgtigtttor  shoidd  poi«M^s  clear  idcax  of  hie  sub- 
ject, ovcry  p«rw>n  who  undertakes  a  research  should  buablo 
dt^ily  to  descnbti  hi:;  obtivrvu lions  »nd  concliisioos  in  writ- 
iD|f,  and  there  ix  not,  I  think,  an  instance  known  in  modem 
times  of  a  valuable  discovery  in  science  having  been  la^t 
tlirough  a  waul  of  power  of  description  or  exposition  of 
bis  olservations  by  a  discoverer. 

Sometimes  one  luau  obM^rveK  and  another  gcneralizea ; 
for  inMtan<;i.'-,  from  the  observations  made  by  Tycho  re- 
specting the  planet  Mars.  Kvplcr  educed  the  path  of  that 
plaitcl ;  nod  in  a  .siuiil:ir  manner  discovei-ed  that  all  the 
[danet4  move  in  elUpeea.  Dalton  baaed  his  atomic  theory 
of  cbcaustry  upon  the  re^ulUi  observed  by  many  preceding 
chvmiittii. 

The  cause  of  original  research  i»  greatly  aided  by  the 
Isboun  of  numerous  icicntitic  observers,  who  are  continually 
taking  observationfi  and  making  notes  respecting  the  wintU, 
tides,  Wirt  b(iiuikeji,  magnetic  changes,  the  amount!  of  day- 
light and  of  rain^kll,  aud  various  other  meteorological 
chaagcs;  and  the  time  i»  fast  approaching  wlieD  nntiomi  must 
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oo-operate  in  proraoHng  the  collection  of  obwrvations  in 
other  ecicnccH,  us  they  silxv^y  haw  to  aoinv  extent  id 
magnetUm,  aiitronotny,  meteorology,  Ac 
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nesBARcn. 

CoMPAni!*n>-  i«  onf  f>r  Hip  fiirniiirnviitnl  action?  nnti  powe 
(>f  the  intpileet,  and  is  the  mental  faculty  by  meam 
which  we  (}i«tin(^ixh  <U)(1  discriminate  likcniiw  ntfl  dif 
ence,  and  are  thereby  enabled  to  unite  flimtlnr  idnis, 
Beparatv  diKsimiiar  ont«,  nml  form  simple  jud(nn*^tf. 
human  mind  can  detect  aimilaritieti  in  nature, 
they  imprex!)  upon  it  Eimilar  sensations :  it  also  de 
ditfcrcnwH,  1>>hwib«  Ihey  impart  to  it  difltTi-nt  Mutations. 
It  can  also,  I)y  mennR  of  the  memory,  retain  and  re|H«> 
duoe,  in  nn  imperfect  way,  tlio  similar  and  difforent  iu 
preauona  it  has  experienced.  Rut  tlit-ii:  are  iimumereb 
similaritiot  and  differance^  which  do  not  directJy 
our  senses  or  peri-eptive  ahiliticic,  and  which  cimiodI;! 
detected  hy  the  aid  of  the  reasoning  power. 

Expfrieoce  iM  t.b';  ori^nal  wourceof  the  basis  of  int«ll 
The  ultimate  basis  of  comparison  is  sensnlion.  Tlii*pi*-' 
duces  impresrioQfl  and  ideas,  without  which  comparisos  "* 
unahle  to  operate,  because  it  has  no  mut«rinls  to  act  UfXL 
The  senBationt,  imprei^ioos,  and  ideas  may  be  prodaeol 
either  by  external  causes,  hy  memory,  or  bj  the  aeUw 
of  the  brain  and  mind. 

Compiu-ison  it  a  compound  form  of  the  simple  act  of 
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perception.  Simple  perceptiou  recognises  sJQgle  imprea- 
eiona  and  ideas  ;  comparison  rccoguiws  Eimilarit}-  or  dit- 
firrenoe  in  two  or  more  ideas  ;  without  a  pliiralitj  of  ideas 
we  oannot  cumyiare.  It  ia  also  the  simplest  form  of  the 
(esting  power  of  the  iiiti-llcct ;  it  dttvcte  all  kinds  of  Bitni- 
laritiee  and  dilT(.-ienco«  which  are  ttufficicutly  etrong  (o 
aroiiiie  ptrcfplive  action ;  it  detects  aynonjins,  identical 
and  tquivuleut  id<Mi8,  uunlugouH  ultsorvationK,  &c.  Abstriise 
ttmilarittot,  and  identities  which  are  too  feehle  to  arouse 
puception  directly,  are  enabled  to  ai-ouHe  it  by  means  of 
Uw  power  of  iiifdrenec.  Whtn  wi?  (^oiiipon.-,  wo  form  a 
jodgnient ;  and  Iteid  say», '  llie  qualities  of  true  or  false 
distinguish  jud|pnciitti  fium  all  other  acts  of  mind.* 

Co<ii[>ariaon  ii»  the  basis  of  claaai&oation  and  geoeralim- 
timt.  It  is  by  comparing  idi^ax  and  things,  that  we  are 
enkblfid  to  form  them  into  dUlinct  groups  or  claswti,  each 
group  posEessing  its  own  properties  or  characteristics ;  and 
w«  tlius  obtain  a  means  of  forming  gt^neral  truths.  But 
the  givateat  importance  of  the  power  consints  in  its  eousti- 
tating  the  entire  bcuii^  of  iiifercuco ;  when  we  cannot  com- 
parw,  <re  eauuot  reatM>n.  It  is  tiy  comjiariug  two  propo^i- 
tioiu  together,  aud  detecting  an  identity  in  them,  that  we 
are  enabled  to  infer  that  to  )k  true  ^'f  the  one  which  we 
already  know  to  be  true  of  the  other ;  it  is  thus  we  are 
enabled  to  detect  abstruse  identities.  By  comparing  also 
alintniKn  tnitliH  UiguLher,  and  detecting  further  iiieiititie*, 
we  sometimes  perceive  still  wider  truths ;  thns  by  a  com- 
parison of  the  laws  of  action  of  gravity,  light,  heat,  and 
electric  repulsion,  we  perceive  that  they  all  act  with  an 
intensity  which  varies  inversely  as  the  square  of  the  dis- 
tance, aud  we  thuM  arrive  at  the  more  general  law  of 
ution  of  (^t!Utml  forceSi,  and  its  agreement  witli  tlie  rela- 
lioDs  of  space. 

Compariwo  may  be  eitlier  diri^ct  or  indirect;  we  may 
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either  compare  two  things  or  ideas  immediately  togetJier,] 
or  tlirough   the   modtnm  of  otlien.     ll    nuiy  Iw   eitlifr| 
qualitative,  i>,  as  to  matters  of  fact,  or  quantitalive,  a»  in 
cases  of  dcgrco  or  nmount ;  it  may  also  be  cithiT  perfeclj 
or  imperfect,  complete  or  incnmpletfi.     Like  all  th«  olber 
mental  powcre,  it  may  be  volimtary  or  automatic,  aad  act 
(iittier  consciously  or  iiiicon.tcioiisily. 

Realities  nrt-  often  very  different  from  appearances; 
many  phenomi-na  whicli   arc  essentially  (he  mme  often 
exhibit  no  likeness,  except  to  those  who  are  disciplined 
in  loolcinj;  U^iieath  the  surface  of  things,  and  in  detecting 
fundamental    tniths.      By   tlit>   progre^  of  wicncc   tin 
most  apparently  remote  phenomena  are  not  unfrequentl] 
brought  together,  and  Ehf)wii  to  Iv  dne  to  the  same  cause, 
and  appiircntly  similar  ones  are  shown  to  be  e»<entiall^fl 
different.     The  i».inie  action    taking   platw   in   different™ 
siibMances,  or   in   widely  different  degrees   in   lb)-  :<anic 
siibslance,  not  iinfri>»iiir-ntly  looks  like  a  totally  differen( 
one;  for  iniit-'inee,  the  rusting  of  iron  and  its  vivid  c<HnJ 
bnfltion  in  oxygen  are  easontially  the  same,  but  to  penonj 
in  guncral  they  ajifK-ar  to  hnvi!   no  resemblance.     Man^ 
phenomena  are  essentially  different  which  appear  alike  ;  fo 
example,  t.lic  oledrie  attraction  of  a  pith  hall  and  tJie 
niagiw^tic  attraelion  of  iron  look  much  alike,  Intt  are  widely 
diveree.     As  phenomena  which  were  apparently  differvn} 
have  IxvMi  vhown  to  lie  similar,  ko  xImo  will  eome  of  the 
which  we  now  consider  to  be  nnlike,  proltably  l>r  found 
future  timps  to  Ite  alike;  and  some  of  those  which 
consider  to  be  similar  be  found  to  l>e  diCfeTrnt.     At  pre- 
sent, in  nearly  all  chemical  treatises,  it  is  said  tliat  tb^ri 
product*  of  chemical  acli'm  are  entirely  different  in  pro^^ 
perties  from  their  constituents;   hut  the  renl  truth  pro- 
bably is,  thnt  the  properties  altered  are  nob  tlw  most, 
essential  on 
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Analogy  is  a  grv«t  aid  to  (lisi-ovory.  If  we  can  pftreeive 
in  a  new  [ihi-noan^nan  a.  real  and  essrntial  eimilaritj  to 
others  we  well  itiidurMtund,  wu  lijive  aclvnncvd  n.  great  step  i 
towsrdH  its  Inic  cxplauation,  bw^aiise  we  may  then  concliide 
tb&t  the  principle-;  which  govern  tlic  latter  opentt«  in  the 
former.  And  as  tluTt;  may  be  found  in  dilicrcnt  oa^ea  all 
degrtt'*  <if  similarity  bet<ir«t-D  two  ditli-rent  objeou,  vary- 
ing from  that  of  complete  identity  to  entire  difference,  so 
in  proportion  to  tlic  degree  of  real  nimilarity  may  we 
safely  predict  of  one  what  we  know  to  be  true  of  the  other. 
The  anulogy  of  logic  mid  algvbra  wax  the  hsuds  of  the  d{»- 
covttritut  tnadfl  in  logic  by  Professor  Boole ;  and  the  iiimi- 
larity  between  algt-bra  and  g>?onietry  shown  by  Descjirtea, 
in  the  general  truth  that  ov^ry  curve  or  figure  in  »pac« 
repreiteuL*  an  etfuation,  haa  for  many  years  be>en  the  chief 
eouree  of  new  tnathcinatical  methods.  The  analogies  of 
light  and  radiaut  lti-.it  have  aUo  led. to  many  diMMverie*. 
Immediately  after  F'araday,  in  the  year  1845,  had  dis- 
covered tJie  r»tjiiii)a  of  th<-  plane  of  a  Ixiira  of  polarised, 
light  by  a  maguet,  Wartmann  found  that  a  beam  of 
potariMMl  bcat-mys  was  Gimilarly  ndH-ted,  Similar  re- 
marks may  be  ttuuie  with  regard  to  the  analogies  of  swmd 
and  light. 

Thx  detection  of  difference  or  likeness  of  things  di»- 
oovered,  by  comparison  with  things  alrea^ly  known,  is 
««8ential  to  succesfful  reecareh,  because  it  enables  us  to 
danify  a  jibenomenoa  or  discovKry,  and  approximately 
determine  its  natme.  One  substance  is  diatingui^lu-d 
from  anotl»er  only  by  it«  difference  of  properties ;  if  two 
different  bodies  existed,  posM-Jn<ing  eiactly  the  same  pro- 
perties we  should  l)e  absolutely  unable  to  distinguJKh  one 
from  the  other.  We  know  that  two  separate  portions  of 
any  ptrfcctly  }iom^eno»ui!  liquid  or  gas  are  not  identical ; 
but  aa  tliey  possess  no  difference  of  properties,  we  cannot 
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dintinguiBh  them.  In  detecting  resemblanot-!  and  differ- 
ences, w<!  ma<l  disrc'gurd  all  other  circiunHtaiu-L-^,  and  fit 
oiir  whole  ntU'iition  upon  the  two  thinga  we  wish  to  coto- 
pare :  iheee,  in  rcsenrcb,  usuulljr  ooii»ii^.  of  Komc  uoei' 
plaiottd  plionoEn«u»n  and  a  known  one  with  which  we  with 
to  compare  iU  The  essential  similarity  or  diRcrimce 
two  phcnomonn,  one  of  wliii;h  i»  &  newly-found  one  whtcli 
wo  wiiih  to  explain,  is  often  not  perceptible  at  first  eigbl, 
even  to  a  scioutific  mind  well  educMt«d  in  tbe  subject,  URd 
t'ri^iiit-ntly  requireR  a,  nnmber  of  experiments  to  be  made 
before  it  is  manifest.  Compctvucy  to  di«tingui«b  roal 
differenees  and  ^iinilaritiea  has,  tlierefore,  a  very  wide 
meaning,  and  the  scientific  intellect  of  a  man  noay  be,  to 
a  large  cxk-ut,  measured  by  it. 

Our  power  of  gcienbilic  insight  is  but  feeble  wbeD 
oompaj^d  wilh  the  i)rtifiindity  of  nature,  bt'(»U]«t;  dtx-p 
truths  require  deep  thougiit  to  enabte  ua  to  uudenUind 
and  voluo  them.  Essential  rc»L-mblance«  ore  also  &e- 
qtu^ntly  dLtguiaed ;  and  the  more  rundumciitiil  the  nature 
of  a  phfiiomt-non  is,  the  more  deeply  faiddi^n  usually  ii  it 
from  our  viuw  by  other  phenomena  wliicb  more  affect  uur 
Bcmiie*.  From  these  causes  our  faenUii-n  are  niu<-li  more 
irapresswl  by  Bupcrficial  und  unreal  likened  tlian  by 
deeply-bidden  and  essential  itimitarity  or  diffenmou;  and 
the  deepest  truths  are  the  least  perceived,  unlewt  wc 
^^  deeply  ponder  them, 
^ft  Chemical  combination  frequently  dii^ifes  aaontial 

^^  resemblance  ;  the  eleuirnts  of  a  compound  and  the  cora- 
I  pound  itself  often  appear  widely  differcjii.     lu  auvh  a  case 

I  the  most  c«iential  properties  are  the  least  affected ;  for 

^H  inKtance,  the  mass  and  weigfbt  of  a  compound  is  always 
^^1  prccJM'ly  the  same  as  ih*;  combined  massifs  and  weights  of 
^^M  U»  iugredients;  hea\'y  metals  n«ua11y  produce  Iteavy  com- 
^B        r  he  same  element  is  usually  thrown  down  fVom 
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all  its  salts  hj  the  game  precipitant^ ;  coloured  salts  ar« 
also  OMMt  cummonlj  derived  from  thu  tamv  vIcokmiU. 
>Iaiiy  other  circumstanoe«  liv->iij««  vlicmical  iinioti  dtsgiiiso 
eascDtial  re§embUnc«  and  difference. 

In  vrder  to  W  abU-  lo  d«t«ct  essvntial  r«t(i?tul)laiicvs 
and  differences  in  sub«tances  and  actioDH,  w«  must  know 
practicnllj  liow  to  compEiro  them,  and  thia  often  reqairea 
gfrcAt  knovrUMgv  of  <l'-titil,  iiiid  xpom)  ■.•xpiTicnce  in  nuuii- 
palatioB,  such  an  would  be  acquired  whilst  learning  bow 
to  oxpiTimcDt  and  observe.  KsseTitittlly  diffcrcut  sub- 
stance^ or  luixturnd  or  oompomids  of  them,  are  ii.'«iia!ly 
diBtin^piishod  by  means  of  chemical  anntysis  or  spectro- 
MOpic  olKwrvation ;  and  i-lKriuical  unuIvKiM  alone  it;  a  very 
complex  and  extensive  art,  and  it^  successful  praetioe  re- 
quirof  iKKLsidcnbtp  ekill  and  vxpcricnce.'  Some  substances 
art-  apparently  s»  wry  Htinilar  that  tt  i''  difficult  to  distin- 
guish them,  and  still  more  so  to  separate  them ;  and  each 
different  fubstaacc  i*  dftfct«d  in  a  diffi-rt'iit  way.  Theolder 
chemists  could  not  distinguish  potash  fi-om  soda ;  some- 
what Int^T,  l«irytu  and  slroutin  were  cimfouiKtcd  together, 
until  Klaproth  and  Haiiy  »hi>wed  differenci-s  of  propertieti; 
and  until  within  the  Iti^  few  years  potash  and  caesia  could 
not  li>  diatin^uirhtyl.  It  is  Klill  difficult  to  accurately 
separate  nickel  and  cobalt,  phosphorus  and  vanadium,  and 
irveral  of  the  rar«  tarthx.  Potai-li  in  umally  detected  by 
its  giving  a  yellow  precipitate  with  chloride  of  platinum ; 
•oda  by  il«  jwwer  i>f  giving  yellow  light,  lithium  by  its  rod 
ny,  thallium  by  its  green  one,  and  so  on.  Kach  different 
forco,  nUo,  is  recognised  by  a  different  method — heat  by 
aeaos  of  th«rmonieler«  and  thenno-eleotrio  pile* ;  8tati« 
electricity  by  means  of  elect rofecopec ;  current  electricity 
Ifj  gitlviujiimvt^-iK,  and  so  with  the  rest.     By  comparing 


'  See  Freamiiu's  Qualitative  and  Quaittitutitf  Gieniral  Aiutli/iii. 
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in  a  proper  way,  and  with  the  aid  of  suitable  expe- 
rimt^nts,  nn  iaxtnacc  of  i-liciuical  atfinit;  witli  one  of 
tD«ehauical  taixtitre,  we  find  tlutt  in  the  former  tlic  sub- 
stances unite  together  ID  certain  (Jefinite  proportjims  Iij 
weifiht,  and  prndiu-r  a  m^w  Iioinwgcncrtiis  hndy,  widely 
diHen-nt  in  eome  of  it^  properties  from  the  oii^inal  owtt, 
whereas  in  the  latter  (lie  in^vdiont«  combine  in  do  neccfi- 
Kiirily  jixed  proportionn,  and  tht^  le^iiltiug  hnily  po<»csM« 
largely,  in  a  mixed  &tat«,  the  properties  of  the  orig^ioA^fl 
Bubstiiiici'*.  ^^ 

Great  scientific  insight,  or  the  power  of  (juickly 
detecting  e~<«cntial  re«cmblunce  nnd  dilTercuce,  and  there- 
by siii;^i-sting  true  hypothetical  i^xpianatian.i,  is  a  wry 
rare  gift,  and  very  important  in  original  research ;  some 
men  possois  it  in  u  reniarkahlc  de^ee.  It  may  be  culti- 
vut<'d  by  acquiring  a  ready  knowledge  of  the  chief  groupA 
of  natural  pbenomona,  n  familiar  acquaintance  with  all  the 
known  forces,  and  their  general  principle*  of  action  in 
physical  and  chemical  science,  and  by  studying  classified 
and  orderly  series  of  scicntilic  trutlis.  For  (^xumple, 
physical  and  chemical  phenomena  are  claxsed  inti>  thom 
of  robc#ion,  fimpU'  rnecbdnieal  action,  sound,  lit;bt^  l>eat, 
electricity,  mngneti:iin,  and  cht-inieal  force ;  and  sub- 
stances according  to  their  great  divisions  of  simple  and 
compound,  solid,  iiipiid,  and  ^tscoii»,  tbetr  different 
t,enis  of  cryatallisatioD,  conductors  and  non-condtictors 
sound,  hent,  and  electricity,  poi^itive  and  negative  bodi< 
magnetic  and  dia-magnetic,  thenno-Llwtro- positive 
negative,  metals  and  metalloids,  chemical  groups,  raonadsi 
dyad»,  triads,  aciiU  and  l«»ce,  &c.  Tlic  principles  of 
physical  science  are  alio  divided  Intit  thosf  of  mot'tuinical, 
acoustic,  optic,  thermic,  tliermo-dynaniic,  magnetic,  fclec-  , 
tiie,  magneto-electric,  electm-mngnctic,  magneto-optical 
cbemictU,  and  electro-chemical  action,  Ac.    Orderly  scriea^ 
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of  Micntific  tnitiiii  fxhi  in  (ilivvlciil  and  chemical  flerie.** 
and  tables  of  constants;  for  insiance,  the  order  of  siib- 
■tanci's  witli  regard  to  their  ntomic  ivi.'i^lit)i  and  nnnih^rs, 
degrees  of  tenacity,  conipresoiihility,  elaMicity,  specific 
gravity,  transparency,  and  rcfractiv  and  dispersive  power 
Tor  rtiyi  of  light,  hwit,  and  chemical  fopt«;  eondticting] 
power  for  sound,  lieat,  and  electricity  ;  dc^greea  of  Fpecific 
and  latent  hwit,  ijojitive  and  ncfjiitivc  thermo-electric 
enet^,  positive  and  negative  statical  electric  power, 
and  of  piira-ma^etic  and  dia-magnetic  capacity;  their 
position  in  chi^mical,  ohomico-tlicnuic  and  «h*mico-elec- 
tric  series,  degrees  of  acid  and  basic  power,  &c.  Exten- 
sive and  familiar  acqimintancc  with  the  properties  of 
force*  and  Mdititiince:!,  and  gi^cat  furniliarity  in  the  ntte  of 
such  classifted  tniths  and  practice  in  comparing  tbem, 
enable  ««  inowf.  ri^dily  to  det>-ct  the  elas*  to  which  new 
actions  or  substances  belong,  or  which  they  most  resemble. 
TublcH  of  physical  and  chemical  conMants  arc  contained  in 
nearly  every  lioaV  on  physics  and  chemistry;  and  some 
books  are  entirely  devoted  tfl  them:  for  instance, '  Con- 
stants of  Nature,'  Part*  I.  and  II.,  by  F.  W.  Clarke, 
Smitlisonian  Collection.  WaBhinjjton  ;  '  Livres  des  Poids 
Sp^itiqiieii,'  par  Walter  Warnotte,  Paris,  1867. 

All  these  remarks  show  that,  in  addition  to  a  nntuTsI 
(TcniuH  for  science,  and  extensive  gcientilic  knowledge,  a 
dicc^verer  need*  large  and  varied  experience  in  experi- 
ment and  obserration,  and  to  be  familiar  with  the  real 
aiuilogie^  of  diftcrcnt  mibBtnnccs,  forces,  and  actions,  and 
the  relative  degree*  .>f  tlw-ir  wiinilartty  or  ditfcncnce,  in 
order  not  to  be  misled  by  false  analogies  or  be  too  much 
influenced  V>y  feeble  ones. 

Mr.  Alfred  Smee  published  in  the  year  1851  a  book 
entitled  'The  Processes  of  Thought,  Adapts  to  Words 
and   Ijanguage^'   in    vrhieh    lic   proposed   a  '  differential 
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mscbiac,'  for  compnrtiig  idcu  and  SMcrt-uiuin;;  their 
a^reenient  or  ditTer^nce  of  uienning  hy  pumW  mechanual 
uiraus,  or  |>LTf»niiing  Xhv  mviital  [moccm  of  judgment. 


CHAPTER  XXXVI. 

DSB  or  THB   IIEASO!<I^a    FOWKB    IS    tJCIBXTIFIC    RBSKAmaT 


Witliiii  the  bruin's  most  secret  cells 

A  (vrtAJn  Iiord  Ohivf  JuxLicu  <lwolb< 

Of  aovci'eif^  power,  whom  one  and  all, 

With  common  voice,  we  Reuon  ctXi. — Ciidrciiill. 

'  RcMon  i*  thnt  fiwiilty  which,  by  coiniinrinH;  top^Uiur  two^ 
propontloiw  benriiig  n,  c-urUiu  relatioB  to  eHdi  otiiet, 
cognintnt  of  a  tliiixl  projiosition.' ' 


TiiRRR  i«  no  qualification  in  the  art  of  scieatiGc  diwoTC 
of  i-qual  importance  to  the  power  of  reiuioniDg  oorreoUy^ 
iK'caui'e  reason  is  tin-  chief  facility  liy  means  of  which  we 
discern  t*-uth  and  apcertain  the  causes  and  explanatiooi  of 
pht-nonicDA.  Rt-asonin^  is  the  proc*««  hy  means  of  which 
from  certain  propi'iMitions  known  or  assumed,  certain  aHiei 
propositions,  termed  conclusions  follow  as  a  tnittter  of  ne* 
cesdty ;  and  they  ncce^^irily  follow  because  the  oi%ina] 
propositions  include  them.  An  indispcnabln  con^itimi  of 
reasoning  i»  mi^nt^l  coDiii:«trncy,  ue.,  con«t«t«ncy  with  out 
previous  assertioua;  aa  all  inith  is  uuiveraally  consistent, 
»hoidil  nil  thoui^t  be.  If  wo  admit  a  name,  we  must 
iilm  admit  its  »ynonyin  and  all  Uiut  it  includes.  If  w^^ 
agree  to  s  statement  or  reaBon,  we  must  be  prcp>rod    t^| 


'  V.G.Dftvlo, 
lies.  p.  Gi9. 


'  On  Mental  SuKgniiioii,'  4a.,  PiftkAgieal  Jmtritat, 
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admit  its  *:quiv»l('nt  and  what  flow*  fitini  it.  If  we  agree 
to  a  priociple,  ve  must  alUiw  atl  the  facts  it  includes,  and 
alnde  by  all  its  logical  conscqiK^ncvs.  If  we  say  certatn 
pbcnomeaa  are  facbt,  we  must  allow  tlie  general  Btatenwut 
which  expreexes  th^m.  In  Kbort,  wc  arc  bound  to  adinil 
in  one  funn  of  words,  iiny  idea  which  wo  have  admitted  in 
utothei'.  ■  Dogma,  opinion,  hypothesis,  and  theory  muft 
Botonty  yield  ti.>  vx|x^nincnt  and  ub»crvatiou,  but  to  all 
that  they  incltid«. 

The  discovery  of  new  trutliH  Ijy  means  of  pure  intellect, 
ooDtuKte  not  only  in  drawing  inferences,  but  alim  in  ficleot* 
ing,  arranging,  and  combining  the  ideaa  contained  in  the 
knowledge  which  we  already  pnHso^iM.  t^o  as  to  be  able  to 
rooder  evident,  by  means  of  inference,  the  trutba  contained 
in  it.  Before  we  can  draw  a  conclusion,  we  must  nlwaye 
armnge  the  ideaa  in  the  form  of  a  definite  statement  or 
propositioD.  We  firet  arrange  the  i<lea8  in  the  proper 
order  to  fonn  a  true  statement,  and  then  by  tbe  procvM 
of  inference,  we  obtain  another  true  statement,  which  is 
equivalviit  to  cither  tht*  wholi;  or  part  of  a  first  one. 

The  |Hroc«ss  of  reasoning  in  original  scientific  reeearoh 
may  l>e  divided  Into  two  portions,  vix.  If^t,  tbe  analysis  of 
Ihtt  ideas  (or  evidence)  contained  in  the  proposil  inn ;  and,  ■ 
Snd,  the  drawing  of  conclusions.     To  perform  tbe  procees 
it  is  necei»ary  that  the  idea-t  be  transformable  and  equiva- 
lent.    The  analysis  of  the  evidence  consists  in  .lubiititii- 
ting  (partly  by  meanv  i^f  immediate  inference)  terras  and 
phntMK  of  different  meanings  from  the  original  ones,  but 
included  in  them.     It  al^io  ri'ipiiret;  considerable  knowledge ' 
and  wkill,  in  order  to  he  able  to  p<ve<-ive  thu  tnie  meaning 
of  the  words,  and  of  each  part  of  the  propo!iition ;  and 
also  to  be  able  to  trenitpose  the  termB  of  the  premiaeal 
without  introducing  into  the  conclusion  any  idea  which  i* 
not  implicilly  contained  in  the  original  statement. 
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Even  in  a  statement  of  the  simplest  feet  jn  scieiwe,  vfe 
nwo)^i«;  ut  fintt  «glit  only  n  noall  portion  of  tin;  (nith 
which  we  ore  eDabled  to  perceive  if  we  subject  it  to  tbeae 
intellectual  procoescs,  or  in  other  words  '  ponder  upon  it.'H 
For  iustaiiw,  from  the  fact  or  st-itemeut  'All  metal*  areH 
some  heat  conductors ; '  we  may,  by  the  aid  of  analyua 
id  ttifcrt^nce,  conclude ;  Ist.  That  tlierc  i«  such  ii  tLinj^asMJ 
beat,  liecauw  there  are  conductors  of  heat ;  2nd.  That  aS 
force  muy  be   conducted,  bcimtuse   heat  i»  a  force ;    Srd. 
Tliat  a  mode  of  motion  of  the  paiticles  of  bodies  may 
be  tniimmittcd  bj  conduction,  because  heut  is  a.  mode  of 
motion  of  thoae  particles ; '  4th.  That  Tibration  may  be 
conducted,   because   heat    i«  a  species  of  vibration ;  5tb. 
That  inctiiU  form  one  B])i;cit?s  in  the  ela«s  of  conductors  of 
heat,  because  nietaU  are  only  '  Bome,'  or  a,  portion,  of  th^fl 
conductor*  of  heut ;  6th.  That  heat-vonductoni  arc  a  wider™ 
clasa  than  metals,  because  all  metals  axe  only  some  cou- 
ducturs  of  heat ;  7th.  That  the  ides  of  heat-conducting- 
power  should  alwayn  fonn  a  part  of  our  idea  of  cnctal^ 
because  *  all  metals '  are  li cat-conductors,  and  our  idea« 
should  bo  complete  representatives  of  truth ;  8th.  That 
the  term  *  heat-conductor '  may  be  property  applied  to  anj 
melai  individually,  bccauite  it  has  been  found  to  be  a  fact 
that  all  metctia  possess  that  property  ;  dtb.  That  copper  it 
a  conductor  of  heat,  because  copper  is  one  of  '  all  metals' 
(and  the  Minie  may  be  iiaid  of  each  of  the  metalK  individu-| 
ally) ;  10th.  That  any  statement  which  affirms  that 
metttl«  are  conductors  of  heat  i.*  entirely  faUe,  bt^call^e 
contradicts  the  general  fact  or  statement  already  a<luiitt«<d : 
1  Ith.  That  any  Bt;iteiQoiit  which  inctutUt  the  idea  tjiatj 
no  metals  are  heat-conductors,  includes  an   entire  false-l 
hood,  because  it  includes  u  complete  contradiction  of  the 


i 


'  I>iSai«Doei  ot  o)iiiilon  viUt  itiiiniiK«i  Klentlfic  mca  wbetlutr  hnf 
in  a  ■nunlo  <tt  mollnn  '  ot  anob  pnrtictd  or  not. 
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fsct  ailinitt4;(l  ;  121b.  Thiit  the  statement  that  some 
metab  are  not  heat-conductors  is  <^uit«  fiilsL',  bccaiiec  it  also 
oontrwiictx  thv  fact;  tSlh.  That,  the  Miiti^cmrrit  Mmt  all 
heat-conductors  are  non-metals,  is  untrue,  because  the  fact 
statea  tlukt  HouM.^  bcut-coudiicU>r«  are  mvtalx ;  14tb.  Tliat 
it  would  lie  incorrect  to  say  that  all  heat^conductors  are 
metale,  because  tbe  fact  states  that  *  all  the  laelalx  '  arv 
only  'sonif,'  or  a  part,  of  Ibo  ewnductow  of  beat,  and 
therefore  some  heat-conductors  are  not  metaU;  lAtb. 
That  the  atatetneDt,  some  heat-condiictorB  are  motaU,  ia  a 
true  oner,  becaiin:  some  h«it-i-«ndiictiirs  artt  uU  Ihf  inctaU ; 
16tii.  Tliat  no  metal  can  be  a  non-conductor  of  heat, 
because  o^  tbe  metalf  are  conducturR  of  hcut;  17th,  That 
any  non-conductor  of  bejkt  iniut  he  a  non<iuetal  )x:caii»c 
uU  metaU  are  conductors  of  heat;  I8th.  That  any  non- 
conductor of  heat  mti^t  be  a  non-metal,  because  all  mvtalu 
are  conductors  and  none  are  non-conductors  of  heat  ;  1 9th, 
That  condu<:tiuu  of  IiLiit  really  exi»t»,  bticuuiie  metals  con- 
duct heat;  20th.  That  conduction  is  a  means  by  nhich 
heat  is  traiismittod;  and,  21st.  That  a  mixture  of  metals 
Is  a  mixture  of  conductors  of  beat.  In  tills  manner  by 
arran^g  the  implicit  ideas  of  tlic  fact  or  statement  in 
difltreut  «ay«,  no  less  than  twenty  other  idca«,  none  of 
which  are  merely  repetitions,  have  been  evolved  from  it, 
and  R-ndorcid  explicit,  by  the  aid  of  analysis  and  imme- 
diate inference. 

A"  very  large  number  of  additional  inferences  might  be 
drmwn  from  this  same  propooilion  without  adding  any  more  , 
truth  to  it,  simply  by  dividiug  the  staU-meiit  'all  roetals''"' 
into  all  the  possible  clames  of  metalsi,  and  drawing  a  seried 
of  inferenoes  from  each  of  the  classes.     Amongst  the  pot- 
fliblu  elates  arc,  solid,  liquid,  brittle,  ductile,  red,  yellow, ' 
white,  bluish-white,  easily-fusilile^  fusible  with  difficulty, 
electro-podtive,  electro-Dcgutivc,  tbermo-electTO-positive, 
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thenno-electro-ncg«tivc,paramagnotic,  diama^^tic,  noble,' 
)i«««,  ciLrtli,  a)kalin»-eai-th,  iilkalim-  itK-'tali.  &c.     And  by 
further  subdividing  '  all  metats '  into  all  the  individual 
mi'tuU,  ii4  many  additional  Keri(r«  of  immvdiiit^  infereD 
might  be  drawn  as  there  exist  different  metals ;  and 
one  of  thin  vtTv  hirj^o  niimWr  of  inferences  need  he  amei 
r«petition.     He  therefore  who  admits  the  abovo  original 
statement  miwt  Vir  prppartnl  to  admit  all  these  (and  manj 
more)  inferencesfromitjand  to  deny  their  coDtradictori««.  A 

If,  in  addition  to  this,  we  add  to  the  original  propoM-^ 
tion  any  new  truthtt,  such  for  inxt«nev  lu  hy  converting  it 
into  the  statement  *  all  metals  and  some  fuiied-«a]ts  an- 
some  h«at-<'Oiiductors,'  we  jin-  thereby  enabled  to  perform 
manv  additional  series  of  analyses  and  permntatinna  of  tho 
ideas,  and  draw  miiny  additional  series  of  immediate  iu- 
fcrenoett  And  from  every  one  of  the  ainyle  infvn.-ncea  of 
all  these  H'ri«B,  a  contraiJiotory  idea  which  we  know  tniul 
be  &!»,  might  easily  Iw  formed,  by  oonvertinp  each  in- 
ferenee  into  its  negative  statement.  '  As  tlie  nnnibcr  of 
possible  t«nn.s  wliieh  may  tie  combined  willi  the  temw  of 
a  pn-ini-ie  is  infinite,  there  may  he  drawn  from  any  premise  I 
an  infinite  uiitnhcr  of  inferences  by  combination.'  ' 

In  each  of  tJie  inettances  here  given,  we  analyse  the  pro- 
position ;  and  by  drawing  an  immediate  inference  wo  gtate^ 
an  additiiMKil  tnitli,  und  at  the  xiime  limv  detwt  and  avoid  ^ 
its  contradictory  error,  and  thus  extend  otir  knowli»dge. 
Any  statement  in  wlenee,  or  any  new  truth  oht^iiutH]  byj 
mean*  of  experiment  or  observation,  might  be  treated  in  t\ 
mimilar  manner,  and  similar  Tcxiiltj!  obtained ;  and  it  is  | 
dsely  in  t,lii«  way,  as  well  as  by  nieanK  of  comparison  and 
gisneralisatiou,  and  also  by  means  of  indirect  or  immediate 
inference,  that  new  knowledge  i»,  in  the  actual  practice  i 
the  art  of  discovery,  extracted  from  the  result*  of  new 
perimeDtD,  altbough  wc  do  not  observe  it  at  the  time. 
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Aa  ciaminntiou  of  these  instaiKT*  will  illustrate  the 
Rieiital  proci^Mes  hy  means  of  which  the  maximum  amount 
of  oeur  k[inwU-<I]yc  is  extiuctcd  from  the  oripnal  state- 
ment, '  All  metals  are  Bome  ht^at-coiKiuctora,'  and  will 
al«o  fibow  tJiat  the  knowlcd;;c  im)/licitly  contained  or 
hiddim  in  it,  is  evolved  or  made  explicit  hy  meanit  of  com- 
pariiton,  divisioQ,  BiibtractioUi  combination,  ponnutationt 
and  trauHfonnntion  uf  ideas.  Thus,  in  furmiiig  Un-  6rst  im- 
tnediate  inference,  we  iihairaet  or  fix  our  attention  alone 
upon  thv  word  'heat,' and  imn^iim  it  in  it"  loiflcitl  aspect 
only,  i.e^  as  a  mere  existence.  In  fonning  the  second,  we 
fib8trac(  the  same  term,  htit  think  of  hci\t  only  at  a  foroe. 
In  forming  the  third,  we  proceed  similarly,  hut  cont«mplat4i 
beat  in  a  iwehanical  tujjecl  only  as  a  TJiode  of  motton', 
and  in  the  fourth  wc  also  proct^ed  sunilarty,  hut  think  of 
heat  z*  thai  kind  of  motion  which  we  term  t^Urratiou,  In 
the  fifth  we  6x  our  ideas  only  upon  the  term  '  some '  and 
tmim/orrn,  it  into  ita  equivalent  idea,  'a  part  of,'  or 
■sjHX'ies.'  In  the  sixth,  we  compare  the  ideas  or  terms, 
'  some '  and  '  all.'  In  the  seventh,  we  b-an»forjn  (he  idea 
of  'beat-conductors'  into  the  eqnivabnt  one  of  bodies 
pooocosing '  hcat-oonductiiiK  i>ower;'and  we  reverse  tka 
vrd^  of  the  Ufrms  of  the  proposition  into  that  of '  Komo 
beat-conductors  arc  all  metals,'  upon  the  principle  that 
such  rcTcml  makes  no  logical  difference.  In  the  eifjhth, 
we  divide  tlie  compound  idea  '  all  metals '  into  '  any 
metal  individtially.'  In  the  ninth,  wc  iV-ntract  tho  idea 
of 'copper'  from  that  of 'all  melals.'  In  the  tenth, 
we  i'muffine  the  negative  or  contradictory  idea  of  *all 
metals.'  viz.  ■  no  metalK.'  Id  the  eleventli,  we  imat/iyu 
I  be  idea  of '  any  statement  which  iTieludfs '  that  contradic- 
tory conception.  In  the  twelfth,  wc  ditrUie  off  and  ab- 
t^raet  Uie  idea  of '  some  metals '  from  that  of  '  all  metals,' 
I  sad  imagine  thf  contvadicUtry  of  '  beat-conductors.'     (d 
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the  thirtMinth,  wi>  penn  ■  ate  uqJ  trunefonn  tb^  ideas  of 
'nil  m<?Uiljii  are  some  heat7<:<m(litctorH,'  into  tlii;ir  logical 
«quival«Dl, '  some  lu-at-cooductors  are  all  metala,'  and  lliea 
inwffin^   its  oom^iM^  coHtradietvrif,  viz.,  'ull  beat-ooe- 
ducturt  are  noQ-metaU.'     In  Che  tourt^enth  we  also  fint 
Teverse  the  order  of  the  ideiu,  and  form  tlw  equivalent 
statement '  aorae  heat-conductors  ar^  all  metaU,'  and  ibni 
show  by  comparison  thut   Uio   statement  '  all   heatiMii- 
ductors   are   metals,'  exoeed*  the   former,  and  tlierefore 
coDtindii-t8  it.     In  t)i)>  lifleeDtfa,  we  also  pennutitl/s  tkt 
ideas  eimttarly,  »ud  tlii,-D  liy  comparison  tiwif  tjiat  the 
fitatemvut,  'some  heat-conductora  aie  all  metals,'  U  'a 
true  «nie.'     In  the  siitwntli,  wo  transform  the  idem'  of 
'all  metaU,' and  of  ' hi-at-conduclors,' inlo  their  contra- 
dictoricH  of 'no  metal'  and  * noD-conduct<ff  of   lu-at,' 
and  then  mskv  a  ]>u»ilive  statement  which  i<i  equiv^iKiit 
to  the  orisinnl  one,  upon  the  principle  that  tin?  rt-vcmal 
of  meauing  of  both  of  the  terms  of  a  propoeilitm   has  bo 
logit'al  effect,  and  in  u<»!ordance   with   the  sayln;;   that 
♦  tiro  negativcK   make  a   positive.'     In  the  seveuu-cntli, 
we  fint  reverse  the  order  of  tlu  terme  of  the  propoeitioo 
Igr  placing  the  Idt-a  "f  '  metaU '  last,  and  then  proc 
exactly  nH  tn  the  gixteenth  instance.     In  the  eighteent 
ve  ah«tracty  or  fix  our  attention  alone  upon  the  Bsistenn 
of  the  action  called  '  conduction  of  beat,'  which  must  oecor 
in  all  '  Iieat-conductor^.'     In  tlio  ninfU-enth,  we  ahstrwi 
the  same  idea  of  conduction,  and  then  imagine  it  ooly  i> 
<a  meima  by  which  heat  ix  tiunsmiUed/      And  in  th«j 
twentieth,  wo  merely  employ  the  subject  and  prcdicnb* ' 
the  propo«ition  as  parts  of  a  more  complex  oonceplioD. 
all  tlieae  ca§«i,  wliother  we  ftnalyw  the  proposiUoD,  pet- ' 
mutate  it*  ideas,  txaniiform  it,  or  draw  inference*  from  it. 
we  sulwtitute  indtteive  ideas,  and  explicitly  state  whatii 
i,riL-iii-i!  proposition  implicitly  contained. 
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Whcu  ibe  facU  from  whicb  we  draw  our  inferences  are 
Turw  oneH,  as  id  Ibe  vam  of  new  olj^ierviition^  »u(l  of  nuw 
iwulU  oUait>e<l  by  means  of  experiments,  then  tbe  iufei^ 
eaevi  we  tlrew  from  them  ulog  coiilitia  iiow  knowk-dgu. 
Ereti  when  known  Acientiflo  kcta  are  treated  in  n 
limiUr  miiniifr,  we  urc  sametimos  lod  to  new  and  unex- 
pected OMioluxiuni^  In  olber  amei,  where  the  vxuting 
factn  lire  not  in  thrmsi<lr4.>«  euSicic-ut,  wc  aie  often  led  bj? 
a  umiliir  procex*  to  form  iiew  hyputhii«uH,  and  ihtix  to  iiu»- 
iiCft  the  exiatenve  of  new  truths,  whicb  have  to  be  proved 
hy  ftddilionkl  ftxpmnifnt^  or  oWn-:itions. 

When  we  Iransform  a  proposition  into  new  ones,  aa  in 
tbu  instunces  gtvoD,  iif  must :  let,  prf«L-rvu  He  qimlitjr  of 
nfKrinalive  or  negative  ;  and,  2nd,  not  di^tiibute  (or  take 
uoivenally)  a  term  in  tbe  converted  proposition,  nnltae  it 
W]u»  distiibuted  in  the  original.  For  iii»tunce,  we  Diay] 
cunveit  a  univeTfiid  affirmative  proposition  (see  p.  S8) 
encti  tuk, '  ull  gaiust  arc  p<jn(h'rablf  Mibttuuci'^,'  into  *  eomf 
pondL'rahle  Bulwtanves  are  t^tue?,'  \mi  not  into  'all  ponder- 
ablo  t)iib«tancc«  arc  gases,'  bocause  the  original  proposttioa 
did  not  my  an^tbing  about  *  all  ponderable  substaaoes,' I 
and  we  lihould  tkerc-fore  break  the  second  rule.  We  may] 
alto  liunoforu  a  particular  affirmative  propwltioD,  Buch  as 
*  some  gases  are  itansparont  substances'  into  'some  tians- 
pcu\Til  xul»taitc<.-M  are  gaai^*  Ix^viiitse  both  tho  t'^nuM  in  the 
original  and  in  the  converted  projioiutiotis  were  undistri- 
buttrd.  Or  wo  may  convert  a  iinivormil  negative  one,  such 
im  *  no  melaU  are  saltn,'  into  '  no  oalta  are  uetaU,'  Wcatttte  j 
both  iJie  terms  in  both  the  propositions  wore  distributed. 
We  may  aluo  transform  a  universal  attiruiativepmpoalUoa, 
nicb  ai, '  all  metals  are  conductors  of  heat,'  into  *  all  non- 
conductors of  beat  are  Dot  umtals,*  because  '  oonduetors  of 
beat '  in«t(ide  all  the  inetuls,  and  tJierefore  any  non-cooduc- 
ion  must  be  not  metals.    Wo  may  furUier  chuige  a  uni- 
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vcrsvii  lu^gative  into  a  universal  afEitnative ;  thus, 
metala  are  infiifiblo  substances, '  may  be  transforme 
iuto  'all  inet;al!(  are  fumble  Riibctancea ; '  and  Uieo  tnt 
'all  inftisible  substances  are  not  metals.'  A  particular-' 
negative  proponition  cnn  only  be  convcrtfd  by  first  cban^ 
ing  it  into  an  nftirinative  one,  and  then  conrertinj;  it  sim- 
ply (i.«.  into  exactly  tbe  same  fon»)i  thus  'some  solid 
bodiw  are  not  transparent  ttnbxtantTV  may  be  firrt  cbangvd 
into  'some  solid  bodies  are  transparent  bodies,'  and  tfaeo 
converting  it  Into  '  Home  tranxparent  cubstancos  are  solid 
bodies,' 

It  is  clwir  from  tbc«c  illustrntious,  that  the   proper 
int«llectual  digestion  of  theresulta  of  new  experiments  and 
observ  fit  ions,  and  I'Viti  nf  t-xisting  spicntific  kiiowk-dge,  is 
an  important  part  of  original  rettearcii.     T1m>  ill ust rational 
also  sbow  that  coiK-iiii-niblc  intellectual  ability  is  necessaiyV 
in   order  to  analyne,  permiitat«,  and  transform    Wcivntlfio'V 
ideas  and  statements  into  their  eqnivalenta  or  inclusives, 
for  the  purpose  of  forming  new  propositions, and  vxt meting 
from  them  the  maximum  amount  of  knowledge;  and  that 
a  high  degree  of  scientific  discernment  is  required  in  ordcgfl 
t«  he  able  to  perceive  what  i»  cont«in<^  in  11m?  t^vidcnoe, 
and  what  is  not.     It  is  this  feculty  of  scientific  insight 
which,  more  than  any  other,  characterises  a  gnat  ncientifio 
discoverer.     The  facnltymay  he  cultivated  by  the  pracUoe 
of  analysing  scientific  faets,  and  drawing  immediate  infer* 
ences,  in  the  mauner  already  shown;  and  it  would  begood 
experience  for  a  yoimg  experimentalist  to  ascertain  how 
much  knowledge  he  could  extract  by  such  means  firwa 
given  scientific  statements. 

The  illustrations  also  show,  that  although  lh«  pr 
of  reasoning  doce  not  empower  us  to  crtaU-  new  truths 
enables  us  to  render  explicit,  and  thun  to  convert  into  avail- 
able knowledge,  truths  which  were  previously  locked  up  in 
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latent  potcutiol  ttAle  in  our  antcccdcul  knowledge.  It 
fuither  shows,  that  although  we  evolve  new  ideaa  by  rca«oa* 
io^  upon  the  fact<3  of  nature,  we  cannot,  l>y  means  of  fltudy 
and  infvn^ucv  aloiic,  evolvo  an  uulimilvd  number  of  new 
truths  (or  e\en  of  hypotheses)  from  a  Hmiteit  amouut  of 
actual  knowledge,  because  the  numbor  of  inclueives  (al- 
tbougli  very  ext^nMve)  in  a  limited  nutobor  of  ideao  are 
tiwm^ree  limited ;  and  more  enpecially  beoatise  the  human 
mind  ean  only  imagine  each  truth  in  a  vviysniuU  number  of 
aspects.  We  can  draw  more  inferences  from  a  atateineiit, 
tlio  essetilial  ideus  of  which  we  are  acquainted  with,  Ihan 
from  the  samt!  utati-iiienl,  if  wedu  not  know  thotie  idi-iiM  ;  and 
the  number  of  aapect^i,  therefore,  in  which  we  can  view  a 
mngl«  Htat^mvnt  di-pcnds  tipou  tht^  cuteut  of  our  experieuce 
and  km^wledge,  and  increases  also  with  the  development 
of  science,  because  every  newly-developed  truth  throws 
additional  light  upon  many  other  pruviously  known  one«. 

Different  scientific  propositions  contain  different  quan- 
tities of  mcunin^  ;  this  is  proved  by  t)n-  fact  that  we  can 
evolve  from  them  different  amounts  of  knowleiige  by 
meana  of  analysis  and  inference.  The  actual  amount  of 
knowlftdge  which  can  be  extracted  from  any  given  state- 
ment variiai  with  the  degree  of  generality  of  the  propoBi- 
tio<n ;  the  more  gciiirmi  the  proix)sition,  tlic  greater  the 
quantity  of  knowledge  implicitly  contained  in  it ;  for 
instance,  a  greater  number  of  iufcrciiccs,  and  inferences 
of  greater  importuucc,  can  be  drawn  from  the  statement 
'all  mettls  are  some  heat-conductors,'  than  trom  the  one 
'all  copper  article  are  some  hual-coiiduL'torM,'  hecnu«e  the 
former  ptMsedtiea  frreater  extension  of  lui^aning,  and  hei 
cause  it  admits  of  a  muck  greater  uiunbcr  of  divisions 
and  8uh-4]ivi!(ions,  a.i  well  as  a  very  much  greater  number 
of  peimutatioos  of  ideas,  than  the  latter. 

The  gvavral   method   of  discovering   new   truths   in 
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scicDco  by  inMini«  of  pure  r<*3U'on  l»  Ui^lj"  different  from 
that  of  ^Ddin^  them  by  te»tiag  hypotheses  by  means  of     , 
experiment  and  oI>»<:TViitioD.     liy  thv  Isttcr  wc  discowr^l 
(vnnbli;  facts,  and  data  for  inference,  but  by  the  former  we  ^ 
are  able  to  find  cnitse.^,  coincidcncL-!^  and  iib-tnL<^-  rvUtions. 
thv  coucf  pi  ion  of  hypotheses  requires  an  imaginative  mind, 
but  that  of  drawing  conchisione  requires  a  judicial  one ;  and 
this  involvcK  loyicd  nkill,  jind  a  readine^  in  the  manipu- 
lation of  idean  which  oan  only  be  acquired  by  practice.     In^f 


arranging  the  idca«  contained  in  the  ecicniibc  knowledge 
wo  powifss,  BO  as  ifi  extract  iw  many  new  trutbit  »  pnHi^iblc 
from  them,  we  often  find  the  evidence  incomplete  which 
is  necessary  in  order  to  dntw  logically  a  particular  coo- 
cluvion ;  and  in  that  case  we  have  lo  deviite  and  execute 
□ew  experiments  in  order  to  obtain  the  deliciont  knowledge, 

Tb«  scientific  knnwltdge  gained  directly  from  nature 
by  meanit  of  our  senscH  is  not  that  of  general  laws  or  prin- 
ciples, becauic  mir  i^cnseit  cannot  [X'rccive  tlicm;  but  ofj 
isolated  senxihle  facts,  in  the  form  of  idea.'*  of  aulxlaaoca!, 
properties,  conditions,  actions,  and  varioua  phenomena; 
and  it  is  only  by  drawing  inference*  from  tho.«c  fects  by 
DicariK  of  oiur  restsoning  powers  that  we  evolve  from  tbei 
fl  knowledge  of  prinoiplcw,  hi«-s,  forces,  and  abstruse  truths. 

M  ail  the  scientific  facta  we  poweits  are  guincd, 
either  directly  or  indirectly,  by  means  of  eiperiene*, 
l»th  that  of  others  and  of  otimelvrs — and  our  reasoning 
piiwer  is  only  influenced  through  the  medium  of  such  facte 
and  the  conclusions  wo  draw  from  thcm^Bm-tliing  whicit 
canuol  affect  our  sense*,  or  is  not  evolved  Irum  sensory 
impressions  by  reasoning  processes,  cannot  affect  our  reason. 
A  thing,  rhcrefonr,  which  is  without  propertied  in  to  ush 
incapable  of  being  known,  reasonetl  upon,  or  even  eon^| 
ceived.  Wo  only  know  of  the  existence  of  {■arof-  through 
the  mertYum  rf  ma  tt  er.  and  of  matter  by  means  of  our  »en: 
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Our  reaaooing  faculties  are  very  feeble ;  we  can  on!y 
arrive  at  a  knowlcdi^c  of  olwoiiro  trtillm  ain]  luw»  \<y  I«l»<>- 
rioiu  inuJlectuat  processes ;  we  bare  to  study  fects  again 
and  again  matij  tiinf!>  over,  and  come  to  tli(>m  repeatedly  in 
■  Dew  frame  of  mm<],  in  order  to  dificover  tlie  triitlm  tlicy 
contain ;  and  evoo  then  we  are  only  able  to  extract  a 
minute  proportion  of  tlie  trulh  lliitt'  is  in  th«in ;  and 
much  of  the  knowledge  we  do  extract  we  distort  witli 
our  prcviouK  mental  errors. 

An  indiKpfn.''alile  condition  of  drawing  eomct  con- 
cluiiioDs  in  science  ia  consistency  with  the  actual  truths  df 
natore,  Ermncoiu  holicfr  prevent  correct  thought;  we 
cannot,  by  pmper  reasoning  j)roceeses,  draw  true  concIiiaionH 
from  tbem  except  by  accident,  and  tlieneforc  true  belief  is 
»  new«*ary  condition  for  obtaining  tnwtwortliy  coucIusiodb 
by  means  of  truly  logical  inferences.  Before  we  begin  to 
reason  upon  a  i<cicntific  question,  wo  must  also  clear  the 
fUbject  of  all  indifferent  and  unnecetmary  elemenU:,  Wcause 
all  tmnecessary  ideas  confuse  our  minds. 

The  mindit  of  all  intelligent  pernonn  act  in  accordance 
with  what  are  called  the  '  fundamental  laws  of  t.houghtV 
TU.  1.  The  law  of  identity :  illustmted  by  tbe  statement, 
whatever  in,  in.  2.  Tim  law  of  contradiction  ;  illustrated 
W  the  proposition,  a  thing  cannot  be  and  not  be;  and, 
3.  The  law  of  duality ;  exhibited  in  the  statement,  a  thing 
most  either  be  or  not  be.'  Thew-  thn-i*  axioms  may,  per- 
haps, Iw  more  properly  called  '  laws  of  nature,'  and  '  rules 
of  thought*  Imsed  upon  tht;ni,lHViui«e  they  aurrcc  with  our 
universal  experience,  and  with  the  modes  in  which  we 
have  bft^n  led  to  think  by  that,  experience.  As  agreement 
with  nature  is  the  sole  test  of  scientific  Ijelief,  thts«e 
three  logical  asioms   must  be  assumed  and  admitted  in 

'  TIiosifiHi,  ihaSnf  ef  tht  lan'i  i^  ThoHght,  p.  Si  1.    Javoci,  iVl** 
eifli^  ff  Seiritn,  >«L  i.  Sntl  «<UMoo,  p.  0. 
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comot  reafwning  i&  matters  of  science  ;  and  in  sctenti: 
arguiiwnt  and  infercace  ivv  miut  rcjwt  all  UleA.*  which  ood 
tndiot  th«m  or  say  of  the  other  great  truths  of  nature.' 

AU  the  materiak  of  our  reaiioning  iu  science  arc 
maril^r  obtained  by  oieiin^  of  compariiton  from  tJ>e  results 
of  our  oxpcrionca ;  thus  we  compare  facta  and  draw 
general  tmlhs  and  vonclurions  from  t.heiu  ;  we  coin|i«re 
tlto«e  truths,  «nd  draw  atill  wider  oonclusiona ;  we  eX' 
elude  ciruiiin^^taueeH  and  oondition«,  then  compare  the 
cfTectit,  and  infer  causes,  eoincidt-nees,  and  explanations, 
and  to  on ;  and,  having  found  tlie  causes  and  explanations, 
wc  dtfdiictiv'jly  infer  from  ihcin  th«  t-jtlM/rnce  of  new  factit. 
When  we  cannot  compare,  we  cannot  obtain  the  prijuaty 
means  of  reasoning. 

Til'-  fundamental  haiiis  of  all  rejisoning  in  science  U  a 
perception  of  identity,  and  the  most  simple  cases  of  infer-     , 
cDcc  ant  tho^e  in   which  idcnIJticM  alone  are  conocnictt 
The  simplest  rule  of  inference   is,  that  so  far  aa  there 
cxixt«  real  wmenesM  or  <,i|ualily  in  two  different  objects,  j 
that  which  is  true  of  one  thing  may  be  safely  alfirmud  oCfl 
the  otJier ;  and  this  rule  applies  not  only  to  sameness  of  ~ 
qiwlity  or  kind,  hut  aUo  to  sameneiw  of  ipianlity,  aiid  to 
all  identities  whatever.     As  soon  as  we  are  able  to  infa', 
we  are  able  to  predict,  and  in  this  way  rc^ison  rnnbles  OftH 
to  argue  from  the  seen  tu  the  iintieen,  from  the  known  to^l 
the  imknown  ;  to  judge  be/ore  an  act  is  performed  what 
the    effect  of  that    act    will    he,     Scientific   inferonce  is 
IttTgtdy  prophetic ;  we  otteu  infer  what  we  cannot  oboerve.^ 
Before  w«  even  see  a  thing,  we  may  safely  predict  that  ilfl 
uuinot  possess  contradictory  properlie*  ur  attribute*,  or," 
tmder  the  *aino  conditions,  produce  contradictory  effects ; 
and  that  all  its  properties,  attributes,  and  effects  ngrm 
with  the  laws  of  nntui-e ;  and  the  more  perfectly  we  know 
'  See  Chapter  XIV. 
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laws  and  operations  of  nature,  the  more  surely  and 
coinpU-icly  Kin  we  proiUct.  It.  U  liy  mi-tioit  of  ihr  great 
lawa  of  Kepler  and  Newton  that  men  are  able  to  foretell 
a«l ronoitiical  uvcat«  which  will  happen  thousands  of  jea 
hence.  *  It  has  1>ecome  possible  to  predict,  not  simply  tbst1 
nndi^r  ^ven  «ouditjoos  two  things  will  alwuys  bu  found 
togethiT,  hilt  alxo  how  much  of  the  one  will  he  found  with 
so  much  of  tho  other.  It  hae  become  poasihlc  to  predict, 
D<H  fimplj  that  lhi«  phcnotnvnon  will  occur  afV«r  that,  hut 
the  exact  period  of  timeat  the  end  of  which  it  willoecur,  or 
the  exact  distance  iu  »p)K'c,  or  both.' '  Thing:*  which,  by  the 
power  of  inference:,  we  know  can  !»  verified,  we  often  do  not 
attempt  to  verify,  and  in  pome  cases  we  even  take  every 
mcuis  in  our  pow^-r  Uj  pntvtiiit.  tlieir  verification  ;  for  in- 
■tanoe,  if  we  know  that  a  cerUin  oouise  of  conduct  of  oun 
Es  likely  lo  pnxluci^  injiiriouM  cutisefjucnccs,  we  carefully 
■void  making  l\w  t;x|>i'riiiit--nt.  The  things  we  know  by 
tlie  intellect  are  more  certain  than  those  we  know  by  the 
«,•«*<»,  howcviir  distinct  and  powrrfnl  the  (n-nrtory  impres- 
sion may  be ;  because  intellectual  ideas  are  the  impre»- 
siuns  of  the  scndui!,  corrected  by  coupurisun,  judgment, 
and  inference.  Ijenson  is  t.hrtrefore  the  Imsis  of  wisdoju,  the 
eouroti  of  safety  in  probability,  and  the  very  guide  of  life. 

Sound  scientifie  inf<Titncc  conitiMtM,  iu  all  cascH.  in  piuw- 
ing  trotu  one  propotiition  to  another,  which  is  either  equalJ 
(i>  tin*  wliole  or  n  piut  of  tho  former,  I>ut  does  not  csceedr 
it.  ^^'hateve^  is  affirmed  or  denied  of  an  entirn  clas«  Or 
thing  tnay,  of  cour!i<s  be  nfRrmed  or  denied  of  any  portion 
of  that  class  or  thing,  liecause  the  whole  includcigi  the  por- 
tion. In  the  process  of  inference  we  also  apply  the  prin- 
ciple of  suljctlitiitiiin  of  liku  for  like ;  thu*  wo  say  aimilsr 
causes  have  similar  eflects, 

The  )H:ieutifio  truths  upon  which  we  reason  maypo^sesfrj 
■  Spencer,  l^loripla  i/  Pr^Kologj/,  p.  131. 
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any  dogrw  of  niroiliirity,  fiiii]  in  proportion  u  their  degree 
of  liken*^3s  diminishes,  so  does  the  dilHruIty  i>f  drawing 
cooclustona  from  tbem  usually  increase.     Tht"  great  prac- 
tical difficulty,  in  nuarly  all  oa«e«,  Hp*  not  so  much  ii 
drawing  the  conclusioDs  (thouj-h  that  ia  often  a  difficult 
roatt«r)   us   in   determining  what  reuUy  are   identitie 
similarittoR,  or  diff^renc^  and  to  what  ext<^nt  idt-nlity," 
similarity,  or  diffcrcncu  actUAlly  vxistfi.     The  difficulty  of 
drawing  oorrnot  t^oncluBions  usually  incrcnxc^  ultto  in  pro- 
portion to  the  increase  of  complexity  of  the  phenotnena, 
because   thv   hiiinau   mind  can  only  cont4.^mplate  a  few, 
things  nt  a  time. 

AU  our  knowledge  of  science  is  primarily  derived  fn 
fiicts  and  experience,  and  as  oar  senses  an>  not  npaUvj 
of  immediately  perceiving  general  tnilhs.  all  our  know 
ledge  of  Inw*  and  principli-s,  and  all  tlic  ftirthpr  tnforma 
tion  derived  from  that  knowledge  by  rea^ining  proceffiM>1 
i»  inductive  in  its  origin. 

In  experimental  research  it  i»  found  that  the  action  of ' 
induction  and  deduction  is  reciprocal  and  often  alternate^ 
and  that  Hometimes  one  precedes  and  •ometimcs  the  otherj 
For  instance,  we  observe  facts,  and  inductively  infer  a  law' 
which  cxprcssc*  tlicin  ;  we  deddco  new  facts  fi-om  that 
law,  and  then  prove  their  existence  by  experiment;  Prom 
the  larger  collection  of  factn  thus  obtained  wo  next  induc- 
tively infer  a  more  genenil  Liw,  and  then  deduce  new  oon-     h 
»f-ciuettces   in  a  similar  way ;    from  a  collection   of  let^l 
general  laws  thus  obtained  we  next  inductively  infer  ^> 
more  general  law,  and  then  deduce  new  conMK|uenc>e«  in  a 
similar  way ;  from  a  ooUection  of  leas  general  laws  thns 
obtJiined  we   someiimen  al*o   ascend   by  induction   to  a 
greater  one,  and  ao  on  until  the  limits  of  our  powers  are 
readied.     Sometimes  we  ascend  by  induction  to  a  general 
principle,  and   tlieii  descend  by  (Icduclioa  to  particular 
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cases;  for  instanoe,  if  wi?  <lir«cover  »  new  metal,  we  infer 
tJiat  it  will  conduct  beat  and  electricity ;  and  why  do  we 
infer  thif  ?  not  so  much  bocaiiw;  Kome  on«  other  mrtal 
does  «>,  but  chiefly  bwaiise  all  the  metals  we  are  ac- 
quainted with  do  H>.  But  as  '  all '  may  Ix.-  only  a  singK* 
instAnc«,  in  wme  cnite^  from  one  particiilftr  fiurt  w«  imme- 
dint<?ly  infer  another ;  for  example,  if  we  dineovcr  that 
the  electric  wndiiclivity  of  neleniiim  is  affwtfd  by  light, 
we  infer  that  that  of  telluriiiin  may  be  also,  When  we 
obwrvo  a  new  fact,  we  not  only  imn-jine  by  inference  th« 
exirtenee  of  other  facts  of  a  vimilar  kind,  but  we  »ome- 
times  further  hypothetically  infer  the  existence  of  s 
general  prineiplc  govi-miii^  thr-m. 

The  process  of  inferenct*  has  also  been  divided  into 
immediate  and  mediate.  The  former  is  the  Himplest,  and 
consi^H  in  pasiiing  from  one  idea  or  propusition  to  another 
implied  {of.  in  the  inetancctt  given  on  pa^  333}  in  it.  It 
U  \m*f)A  upon  the  genitral  truth  that  every  positive  con- 
ception has  a  corresponding  negative  one  ;  thus  the  idea 
of  nurul«  has  th<^  coraplementury  nc^pitivi?  one  of  non- 
metala,  which  inciiides  every  idea  {except  that  of  metals) 
necewary  lo  oomplctc  the  whole  collection  of  Ihutighb* 
under  consideration  at  the  lime ;  just  as  yellow  rays  and  all 
ray<  not  yellow  are  complementary  to  each  other,  and  includo 
all  the  rays  of  white  light.  And  when  we  affirm  anything 
of  a  positive  conception  we  always  imply  something  respeet- 
ing  it«  negative  one,  and  arc  thereby  enabled  to  draw  an 
immediate  inference  concerning  the  latter  ;  thus  when  we 
afHim  that  'all  giuies  arc  nou-oonductors  of  electricity,'  we 
an  empowered  to  infer  that '  none  of  the  g&sea  are  con* 
doctors  of  electricity,'  and  that '  all  conductors  of  electricity 
are  not  gue»,'  and  so  oij. 

The  ftimpleat  form  of  immediate  inference  in  bnt  one 
fftep  from  repetition,  and  is  so  simple  and  obvious  that  it 
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seems  unnccejsftr;  to  make  it.  It  ia,  bowev«r,  odvan- 
tageouH  if  nut  nnCdMiiTv,  Ixicnuisc  it  r«ii<)bn  explicit  vha,t 
wsa  previously  only  itnplicit ;  and  anything  which  brin^ 
knowli!fI[j«  into  viww  or  udiiw  to  t(i«  rli-anics«  of  our  ideas 
h  a  mental  adsantage.  It  aUo  ^vca  im,  more  or  Ir«, 
Dcw  iDFormation ;  for  inslaiicf,  io  tliu  example  jiut  given 
(which  appenrx  like  a  mer«  n^petition)  nothing  i»  mid 
about '  cwWucfors  of  plectricity '  in  tho  originaj  propoai- 
tioii,  hut  hy  mvana  of  «uch  of  tho  infureuooi  given  v« 
obtain  explicit  information  respecting  tbbm. 

All  knowk-dgc  is  rvlativv;  a  tnitli  m-vcf  stands  alooe. 
It  is  imposiiible  to  make  any  atGrniative  statement  witltnut 
supplying  ihc  mt^im  of  drawing  inference*  rcfipocttng  the 
positive  and  negative  ideaii  implied  in  it ;  aud  in  this  war 
knuvm  truths  onablu  us,  by  moans  of  immediate  infereooes 
to  evoivo  new  tmt.h-i  fnim  them,  and  thun  make  new  di»- 
ooveriefl,  and  add  to  our  stock  of  new  knowledge. 

The  several  tnodi;^  of  immcdiuto  iufereuvc,  known  W 
the  naraea  of  inference  hy  privative  conception,  by  added 
detiTmttintit«,  and  by  cornplt-x  concoption,  <kc.,  aie  de- 
scrilicd  and  illiixinitfd  in  various  w^rks  nu  logic' 

In  cases  where  wo  can  compare  two  things  direotl 
with  ea«;h  other,  w«  employ  one  pmpysilion  only,  couuit- 
ing  of  two  terma,  and  in  drawing  a  conclusios  or  seomii 
proposition  from  it  wc  reason  by  'imiumliatv'  or  'dirort' 
inference.  Hut  there  are  very  many  things  or  ideas  wltidi 
ean  only  be  compared  in  an  indirect  manner,  »■«.  hy  meoii* 
of  a  lhir(t  idea  or  object,  and  in  those  more  difficult  CM* 
two  propositions  are  employed,  and  in  drawing  a  eM* 
clueion  or  third  proposition  from  them  we  reason  tf 
'  mediate,'  or  '  nylltjgist  ic  '  iuferoilco.  For  instanco,  if 
cannot  compare  two  objecta  together  aide  by  side,  to 
tain  if  they  are  siuular  iu  dimenxions,  colour,  or  any 

'  Sec  JcvoDS,  Sttmeniar^  Lruoii*  ea  lAigic,  p.  W. 
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respect,  wc  compare  one  of  t}K'm  witli  a  menj-ure,  snmpte 
or  colour,  &c^  iui<i  tlii^n  c»iiv<-y  (lie  meaj^iire  or  SAinplc  to 
the  other,  and  compare  it  with  that  one,  or  we  compare 
the  id«ft  of  one  object  with  Ibut  of  the  other,  by  m«iii8  of 
onr  memory. 

*  Mixliatc  infer<>nce  Is  that  act  of  pure  thought  whereby 
the  two  jndgmenta,  which  are  iU  pnmite*,  aro  colli^cted 
and  summed  up  into  one  in  the  conclusion.''  The  two 
propofiiiDDx  or  jiidgnicnt^  from  which  th«  concIuKion  is  to 
be  drawn,  each  consist  of  two  termi),  and  tlie  two  ideas  or 
t«nn«  to  be  compare)  arc  contained  in  these  propositions. 
One  of  these  [tropo-iitionA  in  calh^d  thi-  tn:ijiir  [>r<-niiwt,  and 
tbe  otltor  tlie  minor  premise ;  and  in  a  syllogiBm  the 
fonnrr  might  to  be  placed  the  first,  but  in  ordliiarv  rea- 
wning  it  usually  is  not.  One  of  the  terms  contained  in 
the  major  prvinisc  in  called  tJie  *  maji^ir  tvrm,"  and  one  of 
tluKie  in  the  minor  premise  is  called  the  'minor  term." 
The  major  tt^m  11  always  the  predicate,  and  the  minor 
term  tbe  subject  of  the  conclusion,  becau!<e  in  a  uni;ersal 
affirmative  propodtioo  the  predicate  necessarily  includes 
the  subject.  The  other  two  tt^nnn,  via.  one  la  cacli  pre-' 
tniice,  are  collectively  called  the  '  middle  term,'  becaiwe  it 
joins  the  two  prDpositloni?  togi^ther,  and  it  may  always  ba 
known  by  the  fad  that  it  does  not  appear  in  tbe  con-1 
elusion.  The  major  premise,  therefore,  contains  the  majw 
and  Tniddlo  t<*nnTt,  the  minor  premise  contaiiiii  the  minor 
and  mi<ldle  terms,  and  tbe  conclusion  contains  the  major 
and  minor  ti-rms  only.  It  olten  refiuires  laborious  ro- 
searches,  nwmcrous  observations,  and  long  trains  of  thought 
in  order  to  find  a  middle  t^erm  IwI.wpch  two  other  once,  i.e. 
lo  titid  name  particular  circumstance  in  which  two  objects 
or  phenomena  agree. 

In  syllogistic  or  mediate  inference,  wc  compare  the 

'  BoweD's  tegie.  p.  IJSI 
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mnjor  nD<l  middle  terms,  itiid  also  tbu  minor  aad  middle 
t^ruia,  and  are  thiu  eoabl^l  to  coni[iarti  t)ie  majur  nod 
minor  tcnus  with  each  other,  and  to  dmvi  from  tbetu  tbe 
third   propoHiti'.m   or   couclusioa.     In   making   the  com- 
parison we  luuitt  be  careful  to  compare   tlie  major  aud 
minor  ttTm*  vitfacr  with  Um;  whulv  or  with  the  same  part 
of  the  middle  or  third  term,  because  in  the  great  majoritv 
of  CMC!  the  idtintiticrs  to  be  diKuovvred  «rc  unl;  parttaL   If 
tbe  major  and  minor  Utrms  agree  wiUi  the  middle  one,  and 
60  fur  aa  they  a^rcL-  with  it,  they  Bgiee  with  «ach  oUi«r, 
becauiie  twi>  tenii.t  utiiuh  have  the  name  mcaniog  aa  a 
third  onQ  have  the  same  moaning  as  each  other.     Where 
thnre  u  eqtiiilitv  tUnn:  inny  be  iufercnec,  and  mediate  as 
well  as  immediate  inference  U  baaed  upon  tiie  principle  of 
equality.     In  whatever  reUtion  one  object  or  idea  esiiis 
with  regard  to  another,  in  that  same  relation  must  it 
exist  to  thi;  equal  of  that  other.     As  also  things  which  ik 
equal  to  the  same  are  ec^ual  to  each  other,  we  can  alwan 
prove  a  proposition  by  proving  the  equivalent  to  it.     Aod 
as.two  things,  of  which  one  ia  eipial  and  the  other  unequiJ 
to  a  third,  are  unequal  to  each  other,  we  may  always  dt^ 
prove  a  propotiition  by  proviuj;  the  absence  of  eqtiivalewv 
ofa  term,or  by  disproving  its  eqiiivalenU    Butastwotemfj 
or  objects,  which  nre  each  uutyiuitl  to  a  third  one,  may' 
may  not  be  equal  to  each  other,  they  afford  us  no 
of  infcrenciv  and  therefore  neither  of  proof  or  disproof. 

Some  of  the  rules  of  the  Kyllo^ism  or  form  of  me 
inference  are  as  follows ; — That  it  contain  tbre«  prop 
tious  or  jud^iwriits,  aud  uo  mon.-,  viz.  the  major  preia^ 
the  minor,  premise,  and  the  conclusion.  'I'hat  at  least  one 
premise  miu^t  tie  affirmative.  That  tJiree  aud  only  thtcc 
terms  be  employed.  Tlie  middle  term  must  not  be  &■■ 
liiguouSfHud  must  bu  distributed  once  at  lea^t.e.  referred 
1  to  uaiveraaily  in  one  premise,  if  iiyt  in  both.     That  fiwOj 
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two  negative  promiecs  nothing  can  be  iorf^rred,  bdcauoed 
two  diffcruncii-x  udmit  uf  no  n-iuouiii];  upon  tlicm,  Knd' 
because  twg  termit  may  each  differ  from  n  thiid  otitt,  and- 
may  or  may  not  differ  ftom  each  othiT.  That  if  one  pre- 
mitt:  Iw  tivgutive,  tJie  ooncliiMton  iuii»t  In.-  u<-t;ulivc  ;  and 
if  both  the  premiiiea  are  affirmative,  the  conclusion  must 
be  so.  That  if  oiic  pn.-uii«c  be  parlicular,  tkf  couchiHioii 
miMt  altK>  l>e  particular ;  and  that  from  two  particular 
|>remi«eB  no  coocluaion  can  ha  drawn.  The  ridcH,  &c.,  of 
the  ■ylla^Bm  am,  how*'vor,  iit^fdU-swly  conipU-x ;  and  we 
do  not  require  the  tiyllo'^iitiii  in  oiclor  to  reason. 

Tlie  terms  of  a  xyllofipi^in   may  be  di«poficd  in  four 
different  way«  or  orderrt,  termed  the  figures  of  the  ^Uo-J 
giam.    I1ie  first  fig^e  is  Uie  only  one  which  has  a  uni-" 
verBol  affirmative  for  its  conclusion,  or  which  can  prove 
tioth  a  univeraal  affirmative,  a  universal  negative,  a  par- 
ticular affinnativv,  and  a  pnrtic-ular  negative    The  third 
proveK  only  a  parlicular  afhrmative  or  a  particular  nega- 
tive. And  the  fourth  isof  but  littluralue.  Acoording  to  Lam- J 
bort,  aOcrmau  lo(;iciui,  'thefintt  6gUFe  is  best  siuted  toi 
tJie  diicoveryorprouf  of  (be  propertieaof  a  thing ;  tht;  xi^cond, 
lo  discovery  or  proof  of  diKtmctiona  between  thiugx ;  the. 
third,  lo  diitovcry  of  intitanea*  and  exceptions ;  and  the 
fourth,  to  the  discover)'  or  excliuion  of  the  different  spvcicsl 
of  genns.'    The  syllogism  in  not,  however,  of  »o  much  use 
for  the  discovery  of  truth  as  for  the  purpose  of  arguin;;. 

The  truth  of  one  proposition  interferes  with  that  of 
anotlier  having  the  same  subject  and  predtoate,  and  pr»»J 
(luces  what  is  termed  'condicting  e\>idencc,'  which  can* 
only  be  settled  by  rectifying  the  d»t;i.  lu  some  eafiea, 
one  proposition  proves  the  truth  of  another;  in  others,  it 
disprove*  it ;  and  in  othfnt,  renders  it  doubtful.  For 
example,  a  univer^l  affirmative  difiproves  both  a  universal 
negative  and  a  portieular  one,  but   proves  a  parliculnr 


»8 


PBB90NAL   FRBPAaATION    FOD    ItasRARfn. 


afiinnalive.  Thi»  'all  metals  aro  li^st^oonducUirs *  diw- 
pioves  '  no  metals  ate  licat-conductors,'  and  *  wine  meUtU 
Mre  ant  heatHMinductora,'  but  )}rov«8  'mma  mvtals  uw 
heat-conductors.'  Similarly  a  univeraal  ne^tire  dUprorest 
both  «.  univcnui  nOirmaLive  and  a  parlicular  on*:,  bu 
proves  a  particular  negative ;  thus  '  no  metala  are 
diEprovPs  'all  metals  are  fallri,'s>iid  'xotnc  mutal«  are  salt 
bill  pruves  '  Home  metaU  are  not  Ralt«.'  Also  a  porticu 
negative  disproves  a  universal  affirmative ;  thus  *  Hme 
ai«t»U  are  diicrtili-'  disprove*  'nn  metalit  are  diicUIe':  and 

•  some  metals  are  not  ductile '  disproves  '  all  ni&lals  arn 
ductile.'  A  piutticidar  utSrmntivu  leaves  doubtful  a  im^H 
v<*r^al  afFii'inative  and  a  particular  negative;  (huo  'some 
elementary  bwdics  are  metals'  renders  uncertain  'all  ele- 
menlury  hodii*a  are  m<>talA,'  and '  !ti>m«  elementary  liodies  are 
not  meUlH.'  And  similarly,  a  particular  negative  makes 
douUfid  a  universal  negative  and  a  particular  aflimuitive ; 
thus,  '  some  elementary  bodies  are  not  metals,'  leaves  ini* 
ceriain  '  all  elvmcntory  bodies  ore  not  metals.'  and  *  soi 
t-Ii!mi<ntary  bodies  are  metftls.*  A  universal  aflinnaUv 
best  disproved  by  a  particular  negative,  and  a  univei 
ne^^itive  by  a  [>articiilar  affirm  alive,  and  via  veriiai  sniF 
anyone  who  asserts  a  univexsal  proposition  must  either 
explain  or  disprove  any  exception  brought  against  it. 
particular  attirmative  does  not  disprove  a  particular  na- 
tive, nor  vt'c«  vcrgCt;  for  instance,  'noma  metals  are  ductile' 
does  not  disprove  '  some  metals  are  not  ductile,'  nor  tlit 
reverse. 

We  may  prove  a  tnith  either  by  proving  ita  equal 
disproving  its  contradictory  or  negative,  or  by  pro' 
that  of  ail  poi^ibk-  alternatives  it  cannot  be  anything  eW; 
or  ini>t«ad  of  simply  proving  its  t:<)tial,  we  may  prove  it  V> 
be  identical  with,  or  equivalent  to,  or  included  in  souieUdiif 

*  nwn   to   lie   true,  or   we   may  combine   theee   seven! 
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UMlliodi  of  proof.     Ttu>  mvUiod  of  proving  b;  its  eqtial  is 
Imsed  upon  tlie  principle  tliat  we  may  siibstilute  like  for 
liki"  in  our  eiperimentH  without  altering  the  rvMtilt,  and 
likv  for  liktt  in  our  tbougbto  nml  vvid«nce  witbout  we 
ontng  the  argum^^t.     That  rtf  proving  it  by  ilispmnng*! 
ita  negative  is  based  upon  the  principle  that,  a  Ihiiig  caii-l 
nnt  both  be  and  not   ln\     And  tht;  method  of  in<)irect 
inference   is   Insod   upon  the  axiom  ttiat   a  thin^   must, 
eilltLT  be  or  not  be,  iind  ugrevM  with  ttie  piupoiiition  that 
r'vcry  po«itivc  iitat«ment  may  have  a  corre^Muding  ne^- 
tive  one-     By  the  indiroct  method  we  prove  a  eon<Tlu«iion 
by  »howiiifr  that  it.  can  !«  nothing  else,  or  by  showing  that 
Bverj'  other  supposition  possible  in  the  case  Ii?adi)  t'>  oon- 
trsdicliuue  of  what  wv  know  to  be  true.     And  in  each  of 
tb4^»o  case«  the  real  teot  is  agreement  with  the  truths  of 
nature. 

In  nature  there  exist  multitude*  of  things  wbidi 
cannot  be  separated.  For  iostanoe,  none  of  the  ipialitieA, 
profierttm,  or  fon-es  of  hcidies  can  Ix-  isolated,  or  percieired 
in  a  (toparate  stiite.  Hut  that  which  i*  inw-pnnible  tn 
nature  is  not  nocowarily  in»cparablo  in  thought ;  nor  Is 
I4iat  which  i»  nece^arily  separate  in  tmturu  incapable  of 
bviug  combined  in  Uiought.  We  can  mentally  analyse 
the  most  complex  uiiilct'omp<Mfll>lc  exJ«t«Dcc«. 

There  are   multitudes   of  ideas   which   can   only   be 
iu:t|uired  by  a  pnwcM  of  mental  analysis,  becauw  tbejr 
oortvaponding  objects  in  nature  CAimot  l)e  isolated ;  and 
thi'  i'xi»tenoeand  relat  ions  of  such  objeclji  i' an  often  only  boi 
proved  by  indin-ct  inference,  by  Khowing  that  they  uuinotj 
lie  anjrthiag  else.     It  is  a  logical  axiom  that  every  tennJ 
and  idea  has  its  negative  in  thought ;  such  negative  con- 

.  of  Ibt;  Collection  of  all  other  terms  and  ideas  (except . 

r)  belongii^  to  tbe  entire   sphere  of  thought,  dis-i 
"ooune,  or  reaoueb  in  contemplation  at  the  time;  and  am 
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we  can  always  prove  a  thinj;  by  disproring  its  ne^iive  «r 
contradictory,  so  in  n  rwoan-li  vrc  oflwi  prov«  a  thing  by 
dijiprnving  all  other  things  (i^.  causes  and  explanation*) 
that  lie  within  the  v-pbt*re  of  pi>R<ihility.  Every  existence 
him  it^  proof;  and  ir.direct  inference  oflen  indic-atrrs  to 
what  a  teTm  is  l>y  »liowiii|;  tis  what  it  if  not. 

ludirert  inftrreni-e  a^iiittt  ns  Ui  fierot'ivi-  all  (lir  lof^c 
concliuiii>n.'i  or  alternatives  po^ihle  in  the  roost  eoinpK 
case,  and  helps  us  to  render  explicit  Uiu  nhole  of  the 
available  tnith  in  any  series  of  statementn.  and  cxiiihit  it 
in  other  forms  of  concUiKioii ;  and  us  the  phenomena  nf 
nature  »rv  u»tially  complex,  thin  procets  in  v?ry  cxtenaveljr 
nwd  in  scientific  investi^tion.     We  employ  it   in  inoet 
scientific   researches  also,  beeause  in   the  majority  of  in- 
vestigations the  phenomenon  we  arc  vxamining  is  attended, 
not  only  by  itfl  necessary  causes  and  eondttioiDi,  but  also 
by  unessential  and  Hniicccasiry  drcumstauces,  ivhieh  cao^j 
not  bo  srpiirated  without  simtdtan<'on«Iy  escludini;  esMn^| 
tial    or  necoswiry  oix-ji.      Mont  eiperlnient*!,  even   in  ihcir" 
simploit  fomi,  especially  those  invoKiny  inoU->culiu-  actioc 
indtKle  a  number  of  ins<!panible  circiimstancea  which 
not  raatfrially  atfect  the  particular  nwult. 

The  indirect  method  is  a  troublesome  on<^,  bcctuise  i| 
roost  of  th«  vssea  in  which  we.  employ  it  the  conditit 
are  w-veral  or  numerous,  and  the  nuiiiln-r  of  possible  alter- 
native hypotheses  increaw-s  at  a  very  rapid  nite  wilh  es 
additional  condition ;  and  we  only  employ  it  beoauM  ]t 
the  method  suitable  for  tmravclling  eomplex  plirnomena.] 

In  an  investigation  we  always  reduce  the  partieul 
experiment  to  ita  simplest  state  as  Roon  a»  we  can, 
Heparating  as  compkteiy  as   possible  all  unesaenl ial  cir? 
cumstances ;  and  having  done  this,  a  limited  number  oulr 
of  observed  conditions  n-main.     We  now  imaginv  «s  com- 
pletely ns  we  can,  by  means  of  mental  analysis,  or  by  com- 
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noation  and  permutation  of  ideas,  and  inference,  all  Uie 
poesiUv  cati^-s  uutt  vxpliinatiooH.  Next,  by  similar  meand, 
we  make  a  list  of  all  the  posrible  efTects  of  excluding  on« 
of  the  conditions;  and  Imving,  by  means  of  experiment, 
excluded  t)t»t  condition  or  circuiustaniMi,  and  thus  guini'd 
additional  knowledge  of  faets.  wc  repeat  the  reaaoDiog 
process,  and  exclndo  another  condition  by  experiment; 
and  sa  on,  until  we  have  disproved  and  mentally  <txclnded 
every  explanation,  except  the  correct  one.  As  the  Beveral 
hjpothi-w--*  which  we  raise  at  each  fdej)  of  the  process 
posKsa  individually  very  different  degrees  of  probability, 
and  as  tlu;  several  conditions  to  bv  tested  by  cxcIusioD 
po)»eiiS  different  degrees  of  importance,  we  usually  ex- 
amine the  mo»t  liki^'ty  and  important  ones  first,  and  we 
deCermioe  their  relative  de^^rees  of  likelihood  and  im- 
portance not  usually  by  a  strict  calculation  of  probabilities, 
but  by  a  cmdc  and  ready  proceas  of  ^leaning.  Usually 
alao  we  do  not  test  every  posinblc  hypothesis,  because  soma 
have  so  small  a  rlejjrpij  of  probability  that  we  may  «fcly 
disregard  them.  From  the  collection  of  results  thus  o!>- 
tained  we  draw  a  number  of  lo)^icnl  conclusions  which 
collectively  contain  tht;  essential  characttrr^  of  the  phc- 
Duinuuon  we  have  investigated,  and  we  thus  unfold  and 
render  explicit  some  of  the  cliicf  truths  it  contains.' 

The  following  ia  a  well-described  exaraple  of  the 
value  of  logic  in  scientific  discovery  : — ^  In  Sir  Kumphry 
Dary'e  experiments*  npon  (he  decomposition  of  watt^^r  by 
galnmiAm,  it  was  found  that  besides  the  two  componenttt 
of  water,  oxygen  itud  hydrogen,  an  aiiil  and  an  alkali  were 
developed  at  the  two  opposite  poles  of  the  machine.  As 
the  theory  of  the  analysis  of  water  did  not  give  reason  to 


■  m*  procciM  agnMK  wllh  tho  dweriptioe  of  that,  of  inillrvol  In- 
tannoe  given  In  Jovom's  Prtruiplt*  <^  Scitaee,  vol.  i.  2Dd  edit.  p.  9S. 
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expect  these  products,  they  were  a  remind  pkenomsnon. 
Uie  ani»c  of  which  mi*  stil!  to  be  fotind.  Some  chtMnuite 
thought  that  electricity  had  the  power  of  producing  these 
subctttDCvis  of  itBidf ;  sod  if  their  onxineoin  conjectuiv  had 
l>eeD  adopted,  succeediog  n«eurclii^  would  have  gone  upon 
a  false  Bceut,  considering  j^lvaoio  electricity  as  a  pro. 
liucing  ratlu-r  tliiui  a  dca^mjioging  force.  The  happier 
inflight  of  Davy  conjectured  that  there  might  be  aonii 
tiidden  cause  of  this  portion  of  the  effect :  the  glaaa 
tniiiiiig  thi;  wnt^T  nii;{ht  suffer  partial  dooomporitioDf 
Home  foreign  matt^^r  might  be  mingled  with  the  wai 
and  the  acid  and  alkali  be  disengaged  from  it,  so  that 
wat*r  would  havi-  nn  shan-  in  their  prfKluction,  Awuminff 
thifl,  be  proceeded  to  try  whether  the  total  removal  of  ihe 
oiuim  would  dcntroy  the  effect,  or  at  least  the  diminution 
of  it  cau^  a  eorretiponding  change  in  tht*  amount  of  eff'-et 
produced.  By  the  subetitution  of  gold  vessels  for  tb 
t;laK«  without  any  change  in  the  effect,  he  at  onee  d 
rained  that  the  glass  was  not  the  cause.  Kmployintr  di 
tilled  nat^T,  h>-  found  a  marked  diminution  of  the  (|uanti 
of  acid  and  alkali  evolved ;  yet  there  wus  pnough  to  mI 
that  the  cause,  whatever  it  WR8,was  still  in  operation. 
impurity  of  the  watnr,  then,  was  not  the  sole,  but  a  co: 
ewrent  cause.  He  now  conceived  that  the  perapimtioa 
from*  the  hands  touching  the  inetniments  might  affect 
case,  as  it  would  contain  common  xalt,  an<)  an  aeid  and 
alkali  would  result  from  its  decomposition  noder 
agency  of  electricity.  By  careftdly  avoiding  such  contacf, 
he  reduced  the  quantity  of  the  product**  slill  further,  until 
no  more  than  slight  traces  of  them  were  pereeptiWe. 
What  remained  of  the  effect  might  he  traceable  to  im- 
purities of  the  atmosphere,  decomposed  by  contact  with 
the  cleclricsl  apparatus.  Ad  experiment  detcnnined  this, 
the  machine  was  put  under  an  exhauxled  ri^ceircr,  and 
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when  thus  necuied  from  ntmovpherk  iiifliiuDOC,  it  no  long<;r 
evolved  the  acid  and  alkali. 

*  A  fonn>]  analytiU  of  Ukkk  Waiitifiil  expcrimcnU  will 
illustrate  the  intithod  of  applyiug  the  rules  of  pure  logic 
in  ollun  casTf. 

'  I.  Statement  of  tbe  ease,  IJie  reaidutd  cause  being 
HtiU  undiscovered. 

'  The  decompotiitina  of  wator  by  electricity  produces 
oxygm  and  hydrogen,  with  an  acid  and  an  alkali. 

'  (I.  Separation  of  the  rtaUluid  from  the  principal 
cause. 

*a.  The  decomposition  of  water  produces  oxygen  and 

hydrogen. 
'6.  The  production  of  an  acid  and  an  alkali  in  the 

decomposition  of  water  imty  he  caused  by  ncllon  on 

the  glass  vessel  containing  the  water  (Prolilematical 

Judgment). 

'  111.  The  Utter  judgment,  6,  disproved  by  a  syllogism 
with  a  ooDcltusiou  that  cifiUnuiicta  it. 

'  A  case  in  which  I  employ  a  vessel  of  gold  cannot 
evolve  nny  decomposing  action  on  a  ghus  vessel. 

*  A  ease  in  which  1  employ  a  gold  vessel  still  gives  the 
acid  and  alkali. 

'  Tlu'rcfore  cases  of  the  pruduetion  of  the  ticid  and  alkali 
are  not  always  cases  in  which  glass  is  decomposed. 

•  IV.  Another  attempt  to  suggest  Uio  lesidiiat  cause. 

'The  acid  and  alkali  are  produced  by  the  decomposition 
of  impurities  in  the  water  employed. 
'  Syllogism  teudiiiy  to  prove  tbiv. 

■  .\a  cxpt'rimeut  with  dint'dled  wat«r  muvt  admit  Imh 
ifflpiiritv.  . 
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*  An  <^^p<>nin<!nt  willi  diMilled  water  g{vc«  lew  *cid  >' 

alkaU. 
'Therefort-  somctimctt  with  lc«  impurity  we  have  Icn 

acid  and  alkalL 
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'  V.  The  coDtsct  of  rooirt  handi  may  be  an  additioa 
cau»(!  of  tile  rexirliutl  pheaomenoD.     JinproY«>d  syUogi^m, 
to  include  tiiis  concurrent  cause. 

*  An  experiment  vitli  diatilled  water  and  appaiatm  kept 
from  contact  with  hands  will  admit  etUl  1«»  im- 
purity. 

'An  experiment,  &c„  results  in  the  production  of  atiU 

1ms  acid  and  alkali. 
'Therefore  sometimea,  with  still  less  impurity,  we  tuiv« 

still  IcM  acid  nud  alkali. 

*  VI.  Amended  Hjllogism. 

*  A  cace  where  we  me  these  precantioiu  in  vacuo  is  ^ 
case  of  no  acid  and  alkali. 

'  Th«rcfon-  a,  ca«e  of  no  impurity  is  a  ca«e  of  no  acid 
and  alkali. 

'  VII.  Immediate  inference  from  last  coDcIit^ioil. 

*  Ca«c«  of  DO  impurity  are  oases  of  noD-productioo  of 
acid  and  alkali. 

'Tberoforc  all  vhm^h  of  production  of  acid  aod 
are  caaes  of  some  impurity ; 
which  was  to  be  proved.'' 

For  additional  (example*  of  suwwssful  inference 
Bcii'nlitic  research,  see  the  Chapter  on  'Ac-cidciilal  Dii 
very,'  page  227. 

Indiri^ct  infi-renM-  i*  largely  employed  in  divining  hj 

tlicsfji.     Whenever  we  infer  from  insuflicient  evidences '" 

science,  wc  make  a  tentative  gucw,  to  be  tested  by  mts^**" 

■  ThoiiMoti,  Oatliite  i^tht  Law*  qf  Tkmij/At,  p.  2tS. 
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of~expenments.  If  we  inductively  infer  a  geneml  truth 
fnna  u  ooUcctiMi  of  tiir^lnui^uM,  uiir  collection  of  iuetuuops 
is  never  a  complete  one,  and  may  not  include  some  really 
CXCBptiunid  utsM;  the  Inw  we  iitfur  from  t!iem  is  therefore 
too  broadly  stated,  and  is  so  fur  au  )iy|>»tlieAiii.  Wlieii  al8u 
we  deductively  infer  the  existence  of  a  purticular  fact  from 
a  griicr.d  I0.V1  which  govuni:'  ii,thc  in^ttance  is  onlyuu  liy- 
|)Oth«!ticaI  one  until  its  existence  in  proved  by  trx]R-niucnt 
orobs*:Tvatioii;  and  our  belief  in  itought  not  to  be  certain 
until  it  biW  licrH  proved  hy  actual  oliservation  of  imturc. 

AlttioiiG;b  (juantitalive  reasoning  is  extremely  im- 
portant, little  is  here  said  about  it,  because  this  treatise 
in  almost,  entirely  rcstricUid  to  n  <iuiilitativc  view  of  re- 
•earch.  Hut  quantitative  inference  may  Iw  au]>eradded 
to  purely  logical  reasouing ;  for  iD»taucc,  when  we  eay, 
raont  metals  are  fusible,  and  most  metals  areduclile;  or, 
some  ductile  metals  are  fusible,  and  some  fusible  metals 
are  ductile,  we  liegin  to  employ  tiuantilative  ideas,  lwcau«e 
the  equi\-alent  idea  of  'moat'  is  'more  than  half;'  and 
the  word  'most'  may  mean  any  proportion  more  than  fifty 
or  le»a  tlian  one  hundred  per  cent.  The  ijtiant it! cation  of 
knowledge  and  inference  is  aUo  of  extreme  value  in  quefr- . 
lioiiK  of  proof,  and  tbe  fundamental  ipu-Atiou  in  such  a  caw' 
is,  what  tntwunt  of  evidence  is  sufficient?  Practically,  a 
prepondetanu«  of  proof  determinvt!  u»,  and  the  human 
uiind  has  no  choice  in  the  matter. 

As  all  departments  of  knowledge  assist  in  developing-^ 
each  olher,  ^oa  wart-hinf^Ktudy  of  t)ie  useof  tlie  rea«oniiJg» 
power  and  'ttiier  intellectual  faculties  in  original  scientific 
research,  shows  that  the  dovelopmout«  of  science,  and  tbo 
my«  in  which  they  are  elTected,  rtifleut  much  light  upon 
the  proper  functions  and  modes  of  action  of  each  of  our 
intellectmil  powi;ni. 
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C1I.\PTEU   XXXVIX. 

XhCtSetTT   OF   IMAGIMATIVK   POWKU. 

Tri:  meaning  of  the  term  imaginatioa  or  conception 
uHuiilIy  limited  to  the  formation  of  new  id«aB,  but  is 
times  iipplicd  to  thv  formation  of  old  on««.  It  is  ooe 
of  the  most  complex  of  mental  actions,  and  has  betto 
dufiiifd  as  '  the  faculty  of  the  mind  by  which  it  either 
bodies  forth  the  furms  of  things  onknoivn,  or  iiroducee 
ori^oal  thoughts  or  new  combinatioDB  of  ideas  fh>m  m«- 
t«rial«  stoned  up  in  the  memory.'  It  muy  alio  be  defined 
as  the  higheat  degree  of  originsl  action  of  th«  miod 
in  a  particular  subject.  It  it  often  special  or  limited 
in  its  Hphere  of  operation,  being  usually  confined 
HOme  particular  subject  or  art,  such  as  that  of  archi« 
teeturt.',  i«;uipt>iri-,  painting,  uiiisie,  poetry,  clt^quence^  the 
drama,  the  conception  of  mechanical  and  other  inrentiooSr 
srienlific  oxptaiintions  bypothes«»,  tln-orii-s  &c.;  but  it  is 
only  in  reference  to  its  action  in  scientific  rcM^uch  tha' 
Iho  fullovring  remarks  aru  pnrlicularly  intended  to  apply. 

Ilie  eiwential  charatteristic  of  t?if  hiyhrKt  imai^itmtio 
is  originalityy  and  on  this  account  imagination  Ls  ^ome 
times  called  '  the  creative  faculty.' 

When  we  pans  &om  the  known  to  the  unknown  by  an 
act  of  imnginutiou,  wc  tJrst  conceive  known  idess,  nod 
then  by  piu^ly  mental  acts  compare,  infer,  diride,  ooin> 
bine,  or  permutate  tbcm,  and  in  each  cose,  from  a  re«altiDg 
new  meoUl  conception,  and  this  iit  the  co-called  '  creative  * 
process.  The  kind  of  mental  action  in  Kiich  a  case  is  pre> 
cisely  the  «uuc  as  when  the  resulting  conception  is  not  a 
new  one ;  but  its  degree  is  greater  bceause  we  have  to 
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Dvercome  tins  mcniRt  porn;^ti.-ii<y  of  old  .-iHsoc-iutioDs  o£j 
ideat*,  aiid  tlie  moui^ntutu  of  habitual  cuireuU  of  tlinugbt,] 
before  we  can  eoncaive  n*w  Meat. 

Imaf;iit»l ion  i»  not  ji  !<pociiil  iiK^ntal  fnciiU}-  or  modal 
of  mental  actioD,  aora  8uuplcuttion  of  tbe  mind  like  tbati 
of  coinparifuQ  or  iuforcnw,  but  a  liigb  dv|frvc  of  a^itivitf  ■ 
of  tpevialcoiiibinationfl  of  the  eiiupltimeutjil  piiwcnt.  The  J 
productii  of  its  action  mv  cnllcd  coiicoptions,  or  original  \ 
id<MU,  in  oitkr  to  diftint^nish  lltotu  from  other  pcrcuplioDK. 
Great  imaginative  power  is,  in  fact,  doeelv  aiiaociated 
with  gvniiiM,'  and  flii;  two  amy  be  I'ouKidvrod  together. 

High  imaginative  power  requires  for  Ua  full  exercise 
gn^t  inherited  ^<!r^*olls  imprcsitibility  for  the  ideas  of  a  j 
|Mulicular   ^iihjvct,  and   a   wdl-diwiplinc-d   mind,  ricbly  ' 
stored  with  truthful  ideas  relating  to  that  Hubjeot.     In 
original  scientific  rvsuorch,  wo  miul  huvc  inhon-ntty  acut« 
atanea   and   perception,  and  a  fertile  and  rapid Iy-a4:tiiig 
iotellect.      The  tc-ndcncy  to  the  particular  subject  la  a 
congenital  gift,  like  the  instinet  of  aniiiinlfl,  and  in  more 
common  in  subjects  which,  like  music  and  painting,  depend 
upon  »  high  dcgrw  of  rcfinomunt  of  tlw  ntniseii  than  in 
those  requiring  great  reasoning  power,  because  tlie  latter 
depend  upon  a  ^rc-.it<i-  varii-ty  of  acqiiircmentB  and  niore 
intellnuttuil  Mutton.     In  each  etuse,  however,  tho  moru  com- 
plete and  accurate  the  knowledge  of  the  particular  Kubjvcl , 
the  more  i>crfect  the  iiction  of  the  imagination ;  and  snob 
knowledge  cannot   be   obtained   by    intuition.     Truthful 
mental  conception  it  based  upon  esperience,  and  ia  largely 
limited  by  nature.     It  i»  only  by  pusiie.'wion  of  true  views 
of  the  great  principles  of  nature,  as  well  an  by  infaeritod  I 
acut^^nre*  to  idciu;  and  imprtwaions  of  natural  phenomena,  J 
that  a  iuientifio  iuvmtigntor  U  enabled  to  im^ine  and  ^ 
discover   tbe  true   hypothetical   explanation  of  a   novel 

■  See  p.  S4I.  «l 
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^^        we  can  always  prove  a  lliing  by  disproving  ife  nt-gaKv? 
I  contradictor}-,  iw  in  n  rea^arch  vf.  oflcn  provi-  a  lliiiiK  l>y 

I  diiiproviDK  all  other  things  («.«.  causes  sad  explanalioDa) 

^K        tlmt  tic  witjiin  the  Hpherw  of  powiliility.     Kwry  cxixtcocv 
^V        has  ila  proof:  and  indirect  inference  ot^en  indicates  U>  ixa^ 
whut  a  term  ill  l>y  showing  lis  what  it  ic  not. 

Indirect  inferenpe  as^ts  us  to  i>erei?ive  all  the  logic 
conclusions  or  alternatives  possible  in  the  tao^  coniple 
case,  and  ht^lpi*  »»  to  render  explicit  the  whole  of  th^ 
available  truth  in  any  series  of  statements,  and  exhibit  It 
in  other  fonn«  of  cniicliiKion ;  and  ax  the  phenomena  of 
nattiru  itn?  usually  complex,  this  proceiu  is  very  Mctenrivcly 
nued  in  scientific  invcj:tiffation.  Wo  employ  it  in  inost 
licit-ntific  researches  also,  because  in  the  majority  of  in- 
vestigations the  phenomenon  we  are  examining  i«  attended, 
not  oTily  hy  it-i  necessary  causes  and  conditions,  Imt  also 
by  nneasential  and  uunece**ary  lircumstanccft,  which  can- 
not he  (teparated  without  simultaneonBly  excluding  essen- 
tial or  neccssnry  on<'«.  Most  expcrimcnta,  even  in  theiaJ 
simplest  form,  espL'cially  those  involving  molecular  actJooJH 
include  a  number  of  inseparable  circumstances  which  do 
not  mati'rially  affect  the  particular  result. 

The  indirect  method  in  a  troublesome  one,  because 
most  of  the  caiteit  in  whieh  we  employ  it  the  conditit 
are  »evoral  or  numerous,  and  the  number  of  poi<siblc  alter  " 
native  hypotheses  increaws  itt  a  very  mpid  rate  witJi  vachj 
additional  condition  :  and  we  only  employ  it  K-cxuse  it  ifl 
the  method  suitable  for  uiiravcllinjj  complex  phenomena.  ^ 

In  an  investigation  we  alwayM  reduw  the  particular 
experiment  to  its  simplest  state  as  soon  as  we  cud,  by 
separatin}:;  as  completely  as  possible  all  tmeesentia)  cir- 
cumstances; and  having  done  tbU,  a  limit^-d  number  only 
of  obwTved  conditions  remain.  Wo  now  imagine  as  com- 
pletely as  we  can,  by  means  of  mental  analysis,  or  by  com- 
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luDstioD  nod  p^rmututioD  of  ideoLS,  and  infcreoct?,  all  ihe 
poiailile  csaiuKA  and  explasiitions.  Next,  liv  similnr  means, 
we  make  a  list  of  all  tb«  possible  <>fieGta  of  «x<;Iuding  o«c 
of  lUe  couditions;  and  bKvin)T,  Ity  means  of  experiment, 
excluded  that  condition  or  ciromnstance,  and  tliiii*  gained 
additional  knowlcdjri;  of  facte,  wc  repeat  tJie  reasoning 
prooeM,  and  exclude  another  condition  by  experiment ; 
and  so  on,  until  no  liavc  diifprovcd  and  mentally  t;xclud«d 
fvei7  explanation,  except  the  correct  one.  As  the  Nveral 
hypotheses  which  we  raise  at  each  step  of  the  procosa 
pOBKBS  individually  rcry  dificreut  degrees  of  probability, 
and  as  Dm:  Ht'veral  conditions  to  be  t«»ted  by  exclusioa 
possess  diffort-nt  degrcea  of  importance,  we  uHiially  ex- 
amine tho  iiioct  likely  and  important  unc!»  first,  and  we 
determine  their  relative  deK:reea  of  likelihood  and  im- 
portance not  uMually  by  a  Htrict  calculatiun  of  probabilities, 
but  by  a  crude  and  ready  process  of  giie.i^ng.  Uiiiially 
also  we  do  not  Uwl  every  poctible  hypotbcsif,  because  eome 
bare  so  Nnall  a  deji^ee  of  probability  that  wr  may  safely 
disregard  them.  From  the  collection  of  results  thua  ob- 
tained wo  draw  a  Dumbur  of  logical  conclusions  which 
oolleetiwly  contain  the  essential  characters  of  the  phe- 
nomenon we  have  investigated,  and  we  thus  unfold  and 
render  explicit  «oiae  of  the  chit^f  truths  it  contains.' 

The  following  is  a  woU-described  example  of  the 
value  of  logic  in  scientific  discovery  : — *  lu  Sir  llmnphry 
Davy's  ex[H^riment<i  upon  the  decomposition  of  water  by 
galvanism,  it  was  found  that  betide*  the  two  componentK 
of  water,  oxy^-ii  j>nd  hydrogen,  an  acid  and  an  alkali  were 
developed  at  the  two  opposite  poles  of  the  machine.  As 
the  theory  of  the  analysis  of  water  did  not  give  reason  to 
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invention,  cxct-pt  the  talent  of  mpiJIy  calling  before  tit 
Uic  many  pnHNibJIitiui,  und  iieleutiiif;  the  iip[iriipri»U;  one  ? 
It  is  true  that  when  we  have  reject^  all  the  inadmissible 
8uppo»tions,  they  are  often  quickly  fori;ottcD,  and  few 
think  it  neut-H^ry  to  dwell  nn  iJu'Sc  discarded  hjpothesee, 
and  on  the  process  by  which  they  were  condemned.  But 
all  who  dt<M:over  tniUiM  mnst  liavu  rvssoDed  npon  raany 
erroiH  to  obtain  each  truth ;  every  accepted  doctrine  must 
havu  bcoD  one  chosen  out  of  many  examined.  If  many 
of  the  giieftSL-tt  of  [)hili>[«i[)her!«  of  bygone  tiiue>  now  appear 
famciful  and  abi-urd  because  time  and  obietvatioo  have  rr- 
fated  them,  otht-rv,  whiiih  at  ihc  time  wvre  equally  gratui-l 
tons,  have  been  contirmed  in  a  manner  which  makes  tbeu 
appear  mnrvclloufly  sugaciouM.  To  form  hypotheses,  anil 
then  employ  much  lalxiiir  and  skill  in  refutinjf,  if  tbey  da 
not  succeed  in  establishing  Ihvm,  in  a  part  of  the  a^ual 
procesti  of  inveutivir  miudii.  Such  a  proceeding  tkelongs  to 
the  rule  of  the  genius  of  discovery  rather  than  (as  ha» 
often  been  tuught  lu  m<x]<-rn  tiinc«)  to  tht!  wcfiption.** 

Every  eminent  scientific  investigator  baa  a  vi 
(oientific  fancy  ;  Furiiduy,  for  example,  bad  a  mo«t  npid 
and  varied  power  of  irna^iuing  ut-w  hj-pothetes,  and 
Kepler  was  most  fruitful  iu  liiiicihd  ideaa.  Brewet«r  says; 
'  It  ia  oft«n  gome  hidden  relation,  gome  deep-«e; 
affinity  which  in  ret^uired  to  complete,  or  rather  to  oon. 
tute,agre3tdisL'overy;  and  this  relation  is  oftvn  discovered 
amoiij^st  tliK  wildest  <H)nceptionfl  and  fancies  after  they  have 
been  sultered  down  by  the  application  of  experiment  and 
oboe  r  vat  ion.'  No  hyputli<MtiM  is  intrinsically  absurd,  excepi 
those  which  contradict  the  fundamental  truths  of  nature 
or  of  the  soienoee. 

Probably  no   iHirt  of  the  occupation  of  an  origin^ 


ha» 

pidl 
—■I  ^ 


SClKXnFIC   lUAOINATlTK   POiruK. 


fcientific  investigator  is  more  diliBcult,  or  ret^uires  a 
greater  exurcim  of  geniiu  nnd  iotclU'iTl,  ttiau  tlist  of 
imagining  an  impoitaDt  and  txiithful  l)Tpotheiii!<,  and 
judging  of  the  df^rcTS  of  its  value  and  probiibilily.  It  i« 
in  this  part  of  hiii  occupation  that  the  scientific  iiiv«Hti- 
gatoT  Bwumcs  tli(>  function  of  a  prophet.  To  pruilict 
important  new  resiilU,  ami  jiHlgc  of  Uivir  valiio,  rcmiirw 
not  only  extensive  and  accurate  knowledge  of  science,  as 
alreAd;  c-onlaiuiMl  in  IhioIcs,  but  also  a  high  degree  of  the 
power  of  discerning  essential  rrxenitilancts  b<'tvr«en  phe- 
nomena apparently  the  most  diverse,  and  of  perceiving 
the  natural  rvlatiouK,  aftiiiitiutt,  and  orders  of  dependence 
between  the  various  sciences,  and  between  classes  of 
pheuomrOB  in  diffcrrcnt  sciences. 

According  to  Brt-wstj^r,  'thit  extravagant  fl|H-cu1ationK 
which  often  precede  and  lead  to  diicovery  differ  in  no 
respect  from  the  creation*  of  ■  rich  poetical  fancy.*  An 
ittvefitigator  who  does  not  venture  l)eyond  the  views 
exprvswd  in  Hcicntific  books,  cannot  bo  verj'  original,  and 
a  man  who  lr  not  gpectilativv  c»o  hardly  be  fruitful  in 
sdentilic  discoveries.  The  power  of  doviaing  hypotheses 
is  (hipendi^ut  upon  the  fact  that  thb.  human  miud  can 
oambine  several  ideas  together  to  form  a  new  one.  Most 
new  ideas  in  science  probably  arise  from  the  union  of 
old  ontai,  and  the  process  of  evolving  tht-m  is  often  pro- 
longed and  laboriotLs.  It  is  recorded  that  when  Newton 
had  nearly  completed  the  caleulalions  which  rttvealvd  to 
him  the  universal  action  of  gravity,  he  liecame  so  greatly 
affected  that  hv  had  to  ask  a  friend  to  finish  Ihem  for 
bim;  and  most  scientitie  invctitigntors  have  cipericncod 
the  exhaustion  produced  by  difficult  thinking. 

Sir  VT.  K.  Hamilton  has  described  in  the  following 
words  the  origin  of  the  first  conception  of  hin  grtul  dis- 
covery  of  tho  method  of  QuaterDions : — *  To-morrow  will 
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be  t)i<^  RfUviiU)  birtLihty  of  tlit.-  Qtut  tern  ions, 
started  into  life,  or  light,  full-^rown,  on  Llie  16lb  Octol 
1843,  as  I  was  walking  with  Lutly  Hamilton  to  Dublin 
and  came  ii|i  to  RTougbaui  Bridge.  That  U  to  say,  I  tlie 
and  IJiere  felt  the  galvanic  circuit  of  thought  dos^d,  and 
the  KpEiiks  nbicli  fell  from  it  were  the  fundamental 
equatimis  hetwe^n  I,  J,  K  ;  exactly  ituch  m  I  have  ueed 
tbem  ever  since.  I  pulled  out,  on  the  spot,  a  pocket-book, 
which  still  eii»>t^  and  made  an  entrj,  on  which,  at  tfm 
ivry  Tnonienf,  I  felt  tJiat  it  might  be  worth  my  wliile  ta^ 
expend  the  talioiir  of  at  Ica»t  ten  (or  it  might  be  &ft<M^u]fl 
years  u>  come.  Hiit  then  it  i»  &ir  to  «&y  that  this  was 
because  I  felt  a  problem  to  have  been  at  that  momunt 
sUved,  au  int«lli;cMud  want  rrflUveit,  which  had  kauntM_ 
me  for  at  least //ton  years  he/ore,'* 

llypothwc!'  art'  more  varied  than  the  truths  of  soienoe| 
for  every  single  new  truth  of  science  discov«red  by 
of  research,  many  hypotheses  have  been  ima^ned.     TImJ 
arc  dcviNcd  by  variou-i  ditferent  nicthodn ;   they  are  of 
flti^^ested  by  comparison  and  analogy  of  facts  and  gene 
imths,  by  gencmllnng  upon  t.h«u,  by  inferring  cau 
necessary  conditions,  and   coincidences.      Every  inve 
gator,  in  forming   bypotliracs,   constructs  mich   only 
arc  consi.it^nt  with  his  views  of  nature ;  hut  he  pereeii 
nature  as  through  a  glns«,  darkly:  consequently  a  \'f 
large  pr(i|>ortiiin  of  his  speculations  are  unsucceasfii],  i.(^ 
they  yield  either  negative  or  unsuttsfaot/>ry  results  whe 
tested  by  experiment  or  obi>crvut.ion.     Many  of  the 
succcMtfiil  liypotlieses  are  intrinaically  crroneoits;  othenJ 
may  ntjt  have  succcpded  heeausc  they  were  not  tested  iuj 
a  suitable  manner,  or,  if  they  wero  stutably  t«#ted,  tbfl 
results  were  either  of  a  kind  nhich  was  not  suspected,  i 
were  so  minute  that  they  were  nut  perceived. 
>  A'mriA  BHtUk  Jtttim,  vol.  xiv.  p.  ft7. 
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•aradiiT  was  lurft'-ly  «i*lwl  in  rlitcovoriiij*  the  liiw  of 
'•]<vtro-<Iynflmtc  in(Ui<;tion  by  ima^ning;  the  ly-lntionsof 
ii|»ce  and  '  lines  of  force '  wliioli  connect  the  polee  of  a 
tnafpift,  the  position  nf  the  induction  wires,  Mir  direction 
of  its  motion,  and  the  cnrrent  prodiicot}  in  it.  Tite  eiist- 
eneenf  thecuiTcntd4.'pcnd<.:(]  upon  thupoiiitioo  und  motion 
of  the  wire;  the  direction  of  the  current  di-jM-ndwl  upon 
tbe  direction  of  the  motion  of  the  win:  and  the  direction 
of  polarity  of  the  mngnet ;  tti*  amount  depended  upon  tbe 
amount  of  mngnetism,  the  degree  of  proximity  of  ihc 
wire  to  tbe  magnet,  tlie  velocity  of  the  motion,  and  the 
amount  of  ooQduclion-re»i»tance ;  and  all  thesis  oonditiona 
had  lo  i»  realised  in  bis  mind  by  the  aid  of  the  power  of 
conception,  iu  order  to  obtain  u  clear  idea  of  the  action 
and  its  explanation. 

No  scientific  subject  can  be  read  or  stiidied  by  a  true 
student  of  oaliirft  without  itsi  exciting  in  his  mind  various 
new  i|uestJoas.  It  ia  genonUly  whilst  intently-  meditating 
on  the  spocia]  cflodftiona,  petruliiiritics,  incomplete  p<jrtiou«, 
and  Mnexplained  effects  of  known  experiments  or  faets 
that  new  ideas  nrixe.  Often,  altio,  whilst  reading  accounts 
of  new  dlwoverieft,  perusing  ticientifie  nrticlcK  or  books, 
oolleotiiig  scientific  information,  preparing  lessons  or 
lectures,  elascifying  (cientific  knowledge,  i&e.,  liypotbctieal 
question*  siigge«<t  tbemselveti.  Rut  it  in  only  when  .tirien- 
tific  jnibjects  aro  studied  with  a  detennined  reeolution  to 
understand  them  elearly  nnd  eompleti.rIy,  Ibnt  the  cxcite- 
mcut  of  genius,  or  inspiration  of  originality  of  the  student 
(If  he  has  any),  arise*  within  bim ;  i.e.,  he  combines  by  an 
ut  of  the  memory  and  imagination  some  of  his  previous 
knowledge  with  that  which  he  is  acijuinng,  and  the 
union  of  tho  two  givva  bihh  to  new  «ugge«tioDS  of  an 
original  kind.  It  is  oftentimes  difficult  to  call  to  mind 
bow,  in  such  easei^  an  idea  originated,  because  W\e  \v\\ec^- 
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laty  And  exoiteuwat  of  tliouglil  ut  ll]i;  mumc'nt  ob1it«nt 
from  tlie  memory  what  we  were  Thinking  of  immcdiat 
before,  and  tluis  tbc  mental  on;nD^  *>f  many  discoTcrie*, 
particularly    the    important    ones    (which    require 
deepest  and  most  exciting  thought),  are  not  »e<Min.-iJ 
mankind. 

It  iii  iiRually  by  aitaociating  the  ideaii  rchitini;  to  oe 
science  or  4>sperimciit  with  thoM.1  of  thi;  pheoomeoa 
or  experiment  under  consideration,  that  new  bypothesM 
are  formed.  Newton  superimposed  the  idea  of  univeml 
action,  of  intj-nsity  varying  jw  the  inviTitc  HijuEirv  of  the 
distance,  upon  the  previously  known  idea  of  bodies  bdng 
attracted  by  the  earth,  and  thus  imaf^ed  the  hypothoia 
'  of  universal  gravitation,  llie  origin  of  hi»  hypotheait 
iii  related  thus  ;  In  1 666,  '  as  he  sat  alone  in  his  garden, 
be  fell  into  a  Kpeoulalion  on  the  power  of  gravity,  tliat^^ 
ns  this  power  ia  not  found  sensibly  diminiabMl  at  tbcH 
remotest  distance  from  thv  centre  of  the  earth  to  whidi 
we  am  rfne,  neither  at  the  tops  of  the  luftit^t  building) 
nor  nven  on  the  simimits  of  the  highest  mountains,  it 
appeared  to  him  reasonable  to  conclude  that  this 
must  extend  much  farther  than  was  nsually  tbouglit:' 
Why  not  as  high  at;  the  Mo<m?  raiA  be  to  himself;  andj 
if  so,  her  motion  must  l>e  influenced  by  it ;  perhaps  dni 
retaiiitMl  in  her  orbit  thereby."  In  a  similar  manner, ' 
a  scientific  iuvciitigator  the  idea  of  a  new  forec  wnuldat 
<mce  Biigg<'xt  some  of  ita  quantitative  relatione,  such  ast\ 
Doe*  its  Btrength  rary  inveisely  as  the  square  of  the 
diittance?  &c.;  to  a  chemist,  the  idea  of  a  new  elemental}' 
substance  BUgdcsta  the  ideas  of  its  various  possible  com- 


pounds, and  the  ditferent  proportions  in  which  the  new  body^J 

meani^l 


may  combine  with  suhetances  already  known.    Ilie 


■  Vrbpv«ll,  Bittory  e/  tht  ImiHctire  Seienetr,  Sid  edit.,  tdI.  iL  pp. 
.  aud  (SI- 
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of  t«stiug  now  questions  aro  ofWn  JDveDted  in  a  aimilur 
maniKT,  viz.,  In-  ii^unioiatui^  with  tl)K[ii  tfic  idea  of  name 
contrivance  wbich,  in  somewliat  difi'erent  tonn,  has  already 
been  used  iq  »iMnv  other  dvpurtmont  of  Kci(M](^e.  The 
«l)[iarcnlly  unlike  or  remote  the  two  ideas  are,  th« 
r  proliablv  iu  idl  cases  is  the  montJiI  effort  ntciuired 
uw}ciat«  them  together,  bcoauHe  it  i»  difficult  to 
inu^ne  bimidtiineouiily  conceptions  which  are  unlike. 
The  continuity  of  developmont  of  new  Kcicutitic  know- 
ledge through  all  time  (like  the  continiuty  of  living 
species),  and  con»L'(|iLentIy  ulso  the  coutinuity  of  humna 
progrvsM,  i*  likewise  [tartly  .-sc^curcd  by  meun»  of  this 
in«Dtal  marriiigo  process,  hecaiue  if  we  could  not  imagine 
new  hjpotbe«»,  wn  emdit  itot  siifj;;fs(  an  explanaliOQ  of 
any  new  fact  or  piienometiou,  iiml  iniiuh  of  our  new 
^entific  knowledge  would  be  almost  imattaioable.  It  is 
evident  from  these  remarks  that  clone  slridy  and  Kearchiug 
criticism  and  compahHoo  of  scieDtitic  truths  are  most 
cffecluul  mean^  of  exciting  the  scientilic  imagination  to 
raise  new  queetioDS.  It  is  a  useful  plan  to  k<-ep  a 
claa^ified  record  of  those  ({uestions  and  ideiis,  und  peruse 
thein  oecaaionally ;  by  this  mean«  additioual  onvii  arc 
suggested.  From  the  collection  thus  obtained,  the  more 
promising  ones  miiy  be  eopied  iuto  a  separate  book,  and 
bom  these  a  suitable  Hubject  of  research  may  at  any  time 
be  selected. 

The  power,  activity,  and  variety  of  the  imagination 
may  be  vonsideisbly  increased  by  practising  tlie  formatiou 
rfliypofiieses,  iu  the  manner  already  dosicribed,  on  every 
available  opportunity.  This  practice  may  Iw  greiitly 
un«t«<l  by  the  use  of  a  table  of  classified  series  of  leading ' 
ideas  of  the  various  scieiiC4^«,  and  associating  each  of  these 
idew  in  suuoussioa  with  that  of  the  pbeiiomenou  under 
cnuiideration,  and  iheu  fonniug  qiiciitioas  respecting  it  by 
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asking  in  iiuoceasioti  what  effect  will  eacli  b»ve  upon 
particular  pbifnomenon.  The  follovring  fragment  of  such 
a  table  will  show  what  I  nu>an  : — Wlint  wiU  Ije  the  effect 
of  gravity,  preBaure,  motion,  heat,  light,  electricity,  mag- 
nvtiam,  chi.'micul  nfliuity;  and  of  raryiiif;  time-  of  action, 
direction,  and  strength  of  each  of  the«e ;  also  the  effect  of 
conduction,  rrKlintion,  refraction,  reflection,  and  polari- 
sation of  ht^al.  uptm  it.  And  »o  on  ttimtigh  all  the  chief 
phenomena  of  all  the  forces  of  nature  in  euccessioD ;  ukl 
also  asking  what  will  Ix?  the  effoct  of  diffcr<-iit  claxKSof 
elementary  subttances,  m^taU,  metalloids,  &c.,  and  all  the 
separate  elt-mi.'ntary  siibetaocc;  and  their  compounds  in 
xueceiiuon.  Instead  of  auch  a  tiMo,  a  copiouj*  indt-x  of 
any  good  book  on  physical  and  chemical  science  may  be 
employed  for  the  pnrpose.  In  thiK  way  even  a  ctudvnt  of 
Bcience  may  suggest  a  large  number  of  new  queBtioits 
respecting  any  phcnomi^nnii.  Hnviug  obtained  a  colk-cti»ii 
of  new  ideas  and  hypotheses  in  thia  way,  the  inveatigutor 
can  proceed  no  farther  without  experiment,  because  hyjM* 
tht^sex  are  unveri6od  ideas  and  may  l>e  true  or  untrue, 
and  tlioeo  which  arc  true  can  only  be  found  by  actual 
trial  or  observation.  'To  the-,  nolid  ground  of  nature, 
trusts  the  mind  that  builds  for  all.'  Schonbein  mad« 
ozone  tJie  study  of  bis  life  ;  but  as  he  did  not  make 
oiently  numerous  experiments  upon  that  sulHtance,  H  i^ 
not  to  him  so  much  as  to  other  iuvcstigntors  that  we 
chiefly  indebted  for  our  knowli.!dge  respecting  it. 

New  hypothetical  ijuestions  having  been  mggeottid,' 
is  of  service  to  write  theui  out  iu  the  clearest  f<»in,  i 
make  sketches  of  their  anticipated  operation  and  offccli 
for  in  llie  absence  of  the  actual  object  no  man  cao 
vividly  realise  and  perfect  bis  id<^s  as  when  they  are 
upon  paper.     Writing  also  enahlee  a  man  to  Sx  his  miP 
more  strongly  and  oontinuouely  on  a  subject,  and  to  i 
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on  the  neoeseary  process  of  reaaomog.  The  use  of  symbolic 
Iwigiuigi^  {tui  in  clicuiical  ■.rqiiutiontt,  &e,),  uod  the  proac-ncc 
of  t)it'  actual  tiulxtauoen  aiitl  appiamtUN  re(]uired  fur  the 
rxporimi-iite,  also  aSbril  udditionat  aid. 

Sonielim<:!t  one  nun  rafM's  an  hypiitlivsis  and  anollier 
tesU  it ;  (bus  Casrini  suggested  the  mode  of  measuring 
Ui«  velocity  of  U)<ht  by  iii««nA  of  tliv  6clip8(.-«  of  the  moonii 
of  Jupiter,  aud  Koemer  tested  it  and  fonnd  it  correct. 
HoUoy  AUggestedr  utnl  succeeding  astronomers  evolved,  tba 
diwovety  of  tlie  metliod  of  atK-erlainiu-ir  tho  nun's  diHtance 
from  the  rartli  by  means  of  the  transit  of  Venus.  Hiiy- 
gbem,  in  the  year  1 678,  Kiiggi-«t'.>d  tliv  ihi-ory  of  tho  oiist- 
rocu  of  nn  univcrval  ether  per^-nding  nil  )>odies  and  all 
space,  and  Voimg  and  Freauel  tested  it.  Also  Odling's 
tiTpotliesii  thjit  in  ofMiK  i\w  onygi'^n  wa»  oondenMd  OM^ 
half  was  partly  proved  by  Brodic  in  1871.' 

Soni«titn<;H,  alio,  one  man  tries  imsiiccessfully  to 
imagine  the  true  conception  whicli  another  aftorirardaJ 
succeeds  in  conceiving.  '  Maliii*  nought  in  vain  the  for- 
mula determining  the  angle  at  which  a  transparent  surface 
polarises  light ;  jStr  D.  Brewster,  with  a  happy  sagacity, 
dittcovertsl  the  formula  to  be  »imply  Ihiat,  that  the  index 
of  refraction  is  the  tangent  of  the  angle  of  polarisation.** 


'  Brodic,  PninttdiHgn  i/f  Rv^al  Soe^ftfi,  1873,  vol.  xx.  ])-lT3i  Odlin|[, 
•  BUtiHJ  of  Oame,'  Prwrfdingt  i'/  Ref/al  InititvtioH,  1878. 

'  Wliewell  PhiUitojilig  of  the  Indvrfirv  .'viViiirt,  vol.  iL  p.  Mt. 


vaa 


PART  IV. 

ACTUAL    WOnKiSQ  AV  OllIGIA'AL   KESSARCB.' 


cHAPTEK  xxxvnr. 

8KLBCTI0N   OP   A   SDSJBCT  OS   INrEsnOATIOSI. 


Oni^  scinnw  only  v,-ill  one  geaius  fit, 
Su  vust  bt  an,  K>  Durrow  hiiomn  wit ; 
Not  only  boimilcti  to  ((eculuir  iirw, 
Bat  oft  Id  Uioite  conGiied  to  single  iwrtit. 
Pom, '  Eaay  od  CriticMin.' 


Asx  man  who  wishes  to  diBcover  new  truth  must  be  i 
l«Dt  lujiially  to  t'ocifiuc  lii't  ifonrch  to  oue  subject  at  a  tin 
l*he  selection  of  a  j^ood  ttiibject  of  exaininatioD  ia  a  di 
cult  problem ;  the  difficulty  usually  arisos  not 
HCarcity  of  Biibjectsi,  but  from  the  tinpncticabilitf 
dftormining  which  is  the  most  suitable  out'.  An  inresti- 
gator  cannot,  to  any  grt-At  degn-v,  \wV  and  cIioom)  dis- 
coveries, but  must,  to  n  large  extent,  be  ooQt«nt  to« 
acoe^pt  tbo#c  lir  cati  find.  In  the  scU^tiou  of  a  subjvct  i 
research  he  has  to  consider  what  subjects  are  intrini^inJlT 
importttut,  uid  tlmt  is  often  a  difficult  tjuestion.'     In  con- , 

■  See  Chop.  SIX. 
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sequence  of  oiir  very  imperfect  power  of  prediction  we  are  , 
v<'iy  apt  to  viiliif  wrtmglv  llie  iniportAncii  of  «n  imtnttdti  ' 
reeoar«h ;  some  of  the  greatest  tratha  have  been  uIU- 
matel}'  diHc1o«od  liy  invostigiitiTig  whiit  pr<'vi"u*Jy  appeared 
to  be  most  trivial  phcnoiuena.  The  discovery  of  stAtic 
electricity  is  Bsid  to  have  arisen  from  tlio  circumstance 
that.  II  bit  of  amlxT,  by  lieing  riihlied,  actiiiired  tbe  pro- 
perty of  atliscting  a  feather.  Tbat  of  magaetism  wan 
probitbty  equally  wimple,  and  i*  wiid  to  have  been  first 
observed  in  a  piece  of  loadstone.  That  of  voltaic  elec- 
tricity also  arose  from  an  apparently  trivial  circumstaDoc, 
which  has  already  been  described  in  this  book.  There 
are,  however,  cases  where  the  investigator  knows  befare- 
hand,  u-ii.b  comtidemblt?  oi^rtainty,  frain  lli«  natiir<'  of  bis 
proposed  question  and  the  conditions  of  bis  experiment, 
tliat  if  the  hopt'd-for  [KiKitivn  resuitii  are  obtained,  they 
must  necessarily  be  important.  The  successful  search  by 
Famdayfor  magnelii-rlectric  induction, and  his  unsuccessful 
one  for  an  experimental  connection  between  gravity  and 
tb*  other  physical  fi>rc(!»,  were  instances  of  this  kind.  And 
(here  an^  other  casss  where  the  investigator  knows  l«ffore- 
haod  tbat  he  is  nearly  certain  to  produce  some  new  re- 
nilt«,  but  is  unable  to  tbretell  what  l.bey  will  Iw.  In  the 
SrKt  of  thi'sie  casesi  he  wishett  to  know  what  condition*  will 
render  e\*ident  a  particidar  new  and  important  effect ;  and 
in  tlw^  second,  what  etfects  will  result  from  a  particular 
cause  or  class  of  circumstances. 

Tbe  invciitigator,  in  ct-lecting  his  subject,  ha*-  also  to 
consider  whether  the  conditions  of  the  proposed  research 
nre  fiuHiciently  ripe,  and  that  is  another  very  knotty  point. 
Even  Newton  liim*elf  i-ould  not  discover  the  nnivcri<al  action 
of  gravity  when  he  lirst  attempted  to  do  so,  because  be 
made  his  lirst  endeavour  before  the  conditions  were  ready, 
and  that  could  not  have  lieen  ascertained  without  a  trial. 
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Tile  ripening  of  a  eubject  for  r<-s<arch  i«  affoct<Ki  hy  tlie 
length  of  time  which  hiu;  olApKi.-d  sinc«  thesuhject  was  IsKt 
I'xnmiiird.  Tlw;  lunger  period  of  time  a  parllcnlar  branch 
of  science  has  been  neglected,  the  more  ready  usnallj  it 
ie  for  a  new  iuvcKtigjitiou,  btH-aiiw  cnllutvrul  bniDchee  of 
ecieoce  have  advanced  and  left  it  behind ;  several  poftioi^| 
of  inorganic  cliomistrT,  that  vf  thi;  fluorides  for  example, 
have  been  neglt-cted,  and  are  in  thia  condition.  Somr 
investigatora  avoid  eifiinininp  a  subject  which  has  teen 
recently  ii>d  exlensivrfy  Inv^tignt^Hl;  It  in,  neverlbdw*, 
evident  that  however  recently  a  siihject  has  l)eeu  ej- 
■mined,  if  from  any  caii^  it  i»  likely  to  yield  acw  lesultf, 
it  is  in  a  fit  state  for  further  investigation.  Orr-at  liif 
covcrics  ripen  very  slowly.  Xow  that  the  great  dfaooveij 
of  spectnim  analysis  is  a  well-known  truth,  we  cttQ  esgily 
perceive  that  the  conditiontt  of  it  were  maturing  by  means 
of  swcewive  retiearcbeis  from  the  year  1802,  when  WoIlBfr_ 
ton  detected  linex  in  the  solar  spectrum,  and  the 
1815,  nhcn  Fruunhofer  mcaHiired  tlmr  positions,  ant 
IS.'SO,  when  Kir<^h(iflF  and  Ilnnsen  discovered  the  compod' 
tion  of  the  suae  atmoHphcre,  and  thus  suddenly  made 
koown  its  grcutne««. 

Another  very  uncertain  point  in  seleoliog  a  xubject  U 
the  degree  of  probability  of  snceess  in  making  the 
search,    fn  making  new  (•ipcrimcuts  all  kinds  of  olietado 
and  new  effects  arise  which  we  cannot  foresee,  and  froB 
that  and  other  causes,  such  as  our  limited  means  of  detect- 
ing effects,  we  rarely  obtain  from  such  expcrimenU  tl 
expected  results.      An  investigator  has  not  unfre<(tiei)t 
to  advance   «omo  distance   into  n  preliminiiry 
before  he  can  determine  whether  or  not  he  has  really 
definite  and  new  question   upon  which   to  work  ;  and  ht 
often  tind^  after  much  expenditure  of  time  and  trouUet 
that  the  supposed  new  phenomenon  ia  only  an  old  one  Hi  s 


oUoi^ 

OBtS 

ipo6i4 
;ti^ 


birrtctrLTiBS  in  seuKTteta  x  seanxn  op  rebkarch.    375 


dl^^uited  fonn,  atui  that  his  hypothewa  therefore  renpect- 
iDg  it  are  all  wrong. 

Every  investigntor  also  w>od  rejects  questions  wliicb 
are  beyond  hU  poweri<.  We  are  ofCea  much  better  aMe  to 
judge  of  the  <ic{<rcv  of  importance!  of  a  propose^l  research 
than  of  our  ability  to  carry  it  out.  Our  aliility  to  dii- 
oover  js,  in  most  csbc-s,  inversely  proportional  to  the 
degree  of  iiitririMc  iinpi)rt,!nic»  of  the  de.«irwi  ituiue.  Many 
renearohes  might  easily  bo  selected  wbtoh  we  know  before- 
bai>d  must  yield  positivp,  new,  and  distinct  effects,  but  such 
inviM^tigaiiomi  are  nearly  alway.i  nf  a  comparatively  un- 
important kind,  because  the  results  of  them  are  generally 
only  additional  inHtauocs  of  a  Nimilur  class  to  some  nltvudy 
known ;  fi>r  instance,  moat  of  our  tables  of  couatjmta  might 
be  lar^ly  (!xtend«d.  It  would  be  hurdly  possible  to 
suggest  a  reei-arub  whiih  would  be  certjiin  to  yield  a  per- 
fectly anomalous  phenomenon,  perhaps  the  most  pro- 
bable way  to  Miifjgiwt  A  rwnearch  which  would  be  likely  to 
yield  one  would  be  to  assume  an  bvp«)thcfli»  that  any  kuV 
stance  which  is  known  to  behave  in  an  anomalous  manner 
with  rv^nl  to  one  force  wnuld  also  behave  aimitarly  with 
regard  to  another  force. 

The  embarnuwinent  of  sctoction  is  usually  caused  partly 
by  a  di-wire  to  obtain  valuable  di-tcovcries  at  litl.lw  trouble 
sad  expense,  and  partly  by  our  being  ao  little  able  to  pre- 
dict succtwjifidly  new  iniportant  cSV-cts.  We  know  so  little 
about  what  is  termed  the  'internal  resistance'  of  sub- 
rtanc'--s,  which  is  believed  to  determine  largely  the  special 
eflieclf  of  different  forces  upon  them,  or  of  the  molecular 
stiucturr-s  and  motions  which  form  easenlial  jiortionn  of 
nearly  all  pbj-sical  and  chemical  phenomena,  that  tlie 
»eI«ction  of  a  subject  of  rKnearch  iid,  to  sonic  ext^-nt,  io 
many  cases  a  *leap  in  the  dark.'  Those  exi>eriment8, 
however,  are  usually  rejected  which  appear  extremely  un- 
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cerUin,  unlms  t1i«;  can  cjuiUy  be  mudr,  and  would.  If 
ceHsfhL  probably  yield  important  results. 

A  vt-ry  go'xl  plan,  iind  ont-  which  I  have  ndoptod  on 
vnrioas  (wcaBions  with  perfect  (Diccetut,  haii'been  to  devia 
an  arntngemcDt,  and  i;«loct  a  res^irch,  in  which  matter  < 
itK    forcpji  was   plat^trd    iindir  iiuw  tfonditionn,  and  li 
implicitly  to  the  (jeneral  tnith  that  every  new  arrange-' 
XDvxiX,  (if  mat  ter  nr  force  must  produce  new  result*. 

In  other  cases  the  difficulty  ia  usually  overcome  by 
selecting  from  a  stock  of  hypothetical  Miggcstions 
que»ilinuK  those  which  appear  to  have  the  gmtert  di 
of  importance,  prohability,  and  ripeness,  and  adopt  the 
mo^t  (idtahlc  one.      Particular  researclica  are  sometimes^ 
M»1eot«d,  Iiecause  they  arc  lesx  expenitWe.     In  mrav  caMaJH 
however,  a  research  is  not,  strictly  speaking,  selected  at     " 
all,  but  the  iu vest! gator  is  led  ou  from  a  previon*  inquiry 
to  another  hy  (fueRtionx  vhivh  arijie   at   th«  titne^  and, 
having  all  the  material  and  apparatus  more  rewly  at  hand 
than   if  he  commenci-d  an   entirc-ly  different  subject,  be 
prefers  the  former ;  for  instance,  Faraday  appewv  to  have 
been  led   on   to   hiM  dincovery  of  th«  important  law  of 
definite    electro-chemical   action    from    his   immcdiatdy 
preceding  experiments  on  vlectrolyns  and   elevtrie  ooo- 
diiction.'  ^k 

Whiirt  one  scientific  man  expend*  hie  time  upoiml 
comparatively  trifling  matters,  anotlier  slowly  and  per- 
niiitfntly  works  out  a  great  idea.  Mo:*t  of  the  ablest  of 
discoverers  appear  to  have  ucl^-d,  to  a  large  extent,  upon 
the  plan  of  exerting  the  greator  part  of  their  strength 
upon  imjiortant  siihjec-ts,  and  have  selected  those  qiM^ 
tions  and  experimeuts  which,  if  they  can  he  aol»ed,  or  can 
be  made  to  yield  a  pooitire  result  at  all,  mnst  yield  one  of 
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iportaooe;  suck,  for  instAnce,  nfi  defiiiibc  (rxperimente  to 
test  the  exiMencK  of  a  new  n^Ulioi)  Ix-twi-vu  two  forct«. 
Oersted  acted  upon  this  plan ;  he  asked  the  question, 
'  Are  «l«ctricit_v  and  miignetism  really  relatt^d  to  ea^Ai 
otJier?'  and  iiltim.it<-lj  dittcovered  elect ro-ni agneti snj ; 
Bsd  Faraday  in  particular  employed  it,  and  found,  after 
many  trials,  uiagiielo-oU-ctrir  induction,  and  the  rvktien 
of  mognetifim  to  ]igbt.  Andrews  alao  appears  to  have 
a«t«d  npon  it  in  his  rcnearcheti  on  tho  coiitinuity  of  the 
li<]uid  and  vaporous  states  of  matter. 


CHvM'TKR  XXXIX. 


OCTUXB  or  *   MOOK  OK  CONDDCTISO  AS   ORIOUIAL 
KESKMICH. 

it  may  be  of  service  to  yoimg  exporimentalieta,  I  give 
he  following  oondcnsed  outline  wf  the  chief  etopo  to  be 
taken  in  carrying;  out  one  of  the  commonest  foriiia  of  ori- 
ginal qualitative  research  in  physics  or  chemiatiy. 

As  di!«coveries  am  orij^iualed  in  a  great  variety  of 
ways,  it  is  assumed  that  in  this  ease  tht?  inveittigator  is 
already  acquainted  with  sotne  phenomenon  or  mode-  of 
working,  i)rigi»ai  or  ntlii'rwi«',  which  he  bclicvcB  may,  by 
hU  taking  the  reqnisile  trouble,  yield  some  new  reiiults. 

The  fir*t  step  to  Iw  taken  iu  to  pn-parc  th<!  ueccseary 
•  tobstances  and  apparatus  ;  and  if  it  is  a  chemical  research, 
leoMun?  at  the  outset  the  hi^hcBt  attainable  degree  of 
parity  of  the  substances.  If  apparatus  js  required,  it  is 
necetiary  to  t'onsider  carefully  first  its  general  plan  (aided 
ty  n  sketch)  anil  its  proper  magnitude,  tlicu  each  part  of 
It  in  succession,  so  as  to  secure  what  appear  to  be  the 
*"«ntial  conditions  of  its   action,  and  to  eicludc  those 
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wbivli  would  prububly  prvviiit  or  (l>niiiii»)i  Uip  expee' 
eifect;  and  then  to  arrange  the  most  delicate  oiejins  of 
detecting,  nnd,  if  ni-costuir^r,  eiIm  mcasuriDg  tbu  cffuct. 

Thtae  being  provided,  a  few  prdiniiiiarv  ■■^xpeHmeo 
may  DOW  be  made,  and  as  manj  concliujion.-  drawu  from 
tlie  results  of  thorn,  and  from  comparisons  of  the  results 
with  each  othrr,  a*  aif  proved  by  tbe  evidence.  Ourii^ 
these  experinieDts  as  many  hypotliesCH  aa  poasihie  shouU 
be  misL-d  by  studying  the  result*  and  oooclusEons,  and 
notes  be  kept  of  all  the  results,  ooDcIudoDS,  remarks,  sod 
hypotheses  for  futuru  rcf«icnw-. 

The  sources  of  error  and  interference  should  now 
excluded,  and  the  phcnumcuou  lie  obtained, or  the  method 
of  working  be  arrived  at,  in  apni%  or  perfect  state  and  fteej 
from  uueasential  conditions,  as  mod  as  possible.  This  i 
effected  by  selecting  those  hypotheses  whieh  bear  upon 
the  particular  points,  and  tertiug  them  by  additional  ex- 
periments and  obitervatioUM,  in  which  each  coudidon  is  ex- 
cluded, one  oidy  at  a  <  inie  ;  and  thiii  uitiially  requirex  very 
varied  experiments  and  considerable  thnugbt  and   trouble. 

Uaving  at  length  obtained,  by  means  of  tlieM  addi< 
tfona)  experiments,  an  Approximately  perfect  form  of  the 
phenomenon  or  method  of  working,  the  next  stop  is  to 
make  a  systematic  and  <umparatively  exhaattive  examine 
tiou  of  each  condition  of  the  phenomenon  or  melbod,  and 
also  to  malcc  the  experiment  with,  or  employ  the  metbod 
upuii,  every  suitable  »uhKtance.  By  making  the  experi- 
ment with  every  possible  substance,  the  greatest  number 
of  couspiciious  and  exceptional  cases  will  bn  included ^ 
exhautitive  researches  also  generally  yield  the  greatest 
discoveries,  because  it  is  the  exceptional  cases  of  iho  ex- 
Gcptiuoal  «ne«  nhich  disclose  in  the  greatest  degree  the 
mo»t  hidden  conditions.  During  this  examination  every 
logical  condusioa   powible   shoidd   bo   drawn   from   the 
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renill*,'  iukI  liypotliwie*!  mijied  upon  tb<'*>  conolusioin,  at 
&e<iaent  and  suitable  iDtervaU  of  time,  while  not«s  should 
abo  be  contintikll;  idaiIc  vf  tliu  rviiulU,  coiieluxiuDii,  re- 
tnarkit,  aii(]  hypothe^efl. 

Aft«r  httvio^  made  «vciy  po^ible  expurimcot,  the 
abnoet  amount  of  new  knowlwlge  wo  are  .ililv  to  obtain 
should  be  extracted  from  the  nsult^  This  is  effected  by 
claMifyiii^  and  ctvobining  them  in  every  conceivable  way, 
and  ritating  all  the  observed  imiformitiea  of  cat^h  clan  in 
the  form  of  Reneral  conclusions.  If,  durin;^  the  process 
of  cln-SHilication,  we  mciTt  with  exceptional  iii»tn»ccs,  wo 
must,  in  order  to  hannoaise  the  general  conclusion  with 
thvm,  infer  u  rtill  more  general  cuuclu^ion  wliich  will 
include  both  the  ordinary  in.stancea  and  the  exceptional 
ooes.  It  19  in  this  way  that  the  apparent  truth' is  often 
ibown  to  be  dif^erl^nt  from  the  r<.-Al,  and  the  results  of 
superfieial  examination  to  be  opposite  to  those  of  deeper 
neesrch ;  the  appnrent  cause  only  of  a  phcnumeaun  being 
diaclosed  by  uxual  iiiRUtnctu,  and  tlie  real  and  dt!ei>er  cauw 
by  exceptional  ones. 

If  wc  wish  to  extract  mure  completely  the  truths 
implicitly  contained  in  the  refliilts,  we  munt  subject  the 
general  conclusions  themselves  to  every  possible  variety 
of  combination  and  )>ennulnti»n  ;  and  to  obtain  a  still 
farther  ainouut,  we  must  add  to  the  conclusions  trutlia 
from  other  branches  of  science,  and  re-perform  ths  vame 
processes .' 

The  discovery  of  the  general  principle  or  law  which 
pervades  and  regiilateft  all  tlie  retnlts  usually  completes 
the  reeeaccb.  Sometimes,  however,  in  addition  to  tbi»,  a 
perfcel  »<peciinen  of  thu  apparatus  is  conetructod  for  the 
puf]toaes  of  illustration ;  also  a  pmctical  form  of  it,  for  the 


piirpow  of  slion-iiif;  flint  it  :*  probulily  capaMi.'  of  applica- 
tion to  some  itDRiMiiately  useful  purpose.    This  ktt«racl, 
however,  U  one  not  of  scicotiGc  cUwovery,  but  of  inreD- 
tion,  nnd  i.i  a  ttt«p  towurdi  nn  .irtigtic,  manufacturing,  (n|B 
commercial  application  of  the  discovery.  V 

In  many  oi«ck,  the  laat  performance  in  an  orifpnal 
research,  viz.,  the  drawing  of  general  concUiiionti,  ond 
explaining  the  results,  are  much  more  complex  and  diffi- 
cult than  would  be  inferred  from  the  fortgomg  rcmarl»i|H 
because  piiyNJcul  and  chemical  phenomena  aw  often  r««iult«^ 
of  a  combination  of  Cannes  which  cannot  be  tcparat^-d,  and 
are  attended  by  a  nnmtier  of  concomitant  effects  and 
circumstance!!  which  we  cannot  exclude,  and  which  rencter 
it  difficult  to  draw  correct  concliixionis  and  alw  to  proire 
and  explain  the  true  relations  of  the  phenomenon. 
Indeed,  the  complexity  of  nature  far  surpancH,  in  nearly 
all  ca«es,  man's  usual  ideas  of  it ;  the  Rimplewt  phenomena 
of  matti^r  present  almo^  infinitely  more  for  us  to  explain 
than  wc  can  evcu  imagine.  Tlie  modes  of  discovc 
causey  coincidence^  an<l  other  relations  of  phenomeoa,  i 
described  in  Chapters  XLVI.,  XLVII.,  and  XLVIII. 

In  an  original  research,  we  encounter  difficullieit 
eveiy  step,    and  we  must,  if  possible,  overcome   them.] 
The   fundamental    rule   for    overcoming   a   difficulty 
research  is  to  attack  it  In  detail,  i.«.,  to  divide  it.  to  tbfl 
fullest  extent,  and  analyse  and  treat  each  part  separately 
Thus  when  vro  wish  to  know  the  ricaot  chemical  composi^ 
tion  of  a  complex  substance,  we  dissolve  one  hundred  parti 
of  it,  and  then  prcci]iit«t«  or  otberwii«e  separate  its  ingre- 
dients in  several  collections,  known  as  the  hydrochloric 
acid  group,  sulphuretted-hydrogen  group,  sulphide  of  am- 
monium and  carbonate  of  ammonium  groufM,  the  alkaliDt?^ 
earth  and  the  alkaline  groups;  and  we  then  sulxlivid^^ 
each  of  these  collections  into  several  smaller  ones,  and  i 
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oil,  until  ye  have  in<]tvi(Iu&Uj  inulated  each  of  the  ele- 
toeniAr}'  liwlie^  pr^ent  in  tiie  ori^iial  aiibstaace,  and  can 
subdivide  them  in  tliut  munnvr  uo  further.  W«  tfava  eu>- 
ceTttiin  if  tlic  »tiui  of  lli«  wci^hb*  uf  the  eli^mentary  sub- 
atanoea  tbund  exactly  equaU  that  of  the  original  body.  If 
it  Aotm,  thu  ainilyMi»  U  uoiiijilrtc ;  but  if  it  doi'x  not,  «« 
have  either  omitted  some  subgtaoce  present,  introduced 
a  foreign  body,  or  conuiiitt^-d  au  error  of  mauipulittion, 
observation,  or  calculation ;  and  we  proceed  at  once  to 
correct  the  mistakf. 

In  the  cjtattiiimtiou  »f  n  phyxiciil  phcoomenou,  wc  pro- 
ceed in  a  subfitantially  similar  manner,  i,e.,  we  divide  the 
couditiuuH  of  it  in  every  possible  way,  and  into  the  Bmallvot 
distinct  elements,  and  examine  each  portion,  not  only  in  a 
qualitativo  manner,  but  also  quaobitatjvely,  as  far  as  the 
circum:«tance^  of  the  oa»e  will  admit.  Tlio  quaiititJitivu 
analysis  of  a  physical  phesornvnon,  however,  can  otton  be 
only  incompletely  performed,  tn  the  luinlysis  of  such  a 
phenomenon,  instead  of  dividing  its  conditions  first  into 
groups,  and  then  t^ch  ^oiip  into  its  individual  distinct 
elemenCa,  a»  iu  chetiiical  aiiiily»i«,  we  usually  separatv  one 
only  of  its  conditions  at  a  time,  leaving  each  time  all  the 
remaining oiic#  together ;  and  we  then  sometiraL-s  R-duoc  the 
eomplexity  of  the  phenomenon  by  an  element  at  a  time, 
or  taiUlividc  the  phi^oomcnou  in  other  way^,  according  to 
the  circumstances  of  the  particular  case.  In  ev«ry  case* 
however,  w«  rvduco  the  phenumcnou  to  its  purest  and 
iimpleat  state,  by  neparating  from  it  all  ittt  uuneuussiiry 
conditions,  as  soon  a»  we  can,  in  order  to  fit  it  for  the , 
kcUiul  analysis. 
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CnAPTEK  XL, 


AI>TANTAOES  OF  TaUBIT   OP   U»Knaiit8.. 

A  TAS18TT  of  well-devised  experiments  is  of  Ui*  hfghest 
importance,  and  is  mucli  nton^  likvly  to  field  valitable 
diocdverint  than  any  mere  number  of  similar  ones,  esp^ 
cially  if  the  questions  involved  in  the  expenm<rut«  are 
some  of  tliem  intxioKtcally  iiiomontoiix.  It  also  sui^im 
tis  vfir.h  re?*Hlta  and  data  by  meann  of  nbicli  wc  can,  by 
processes  of  comparison  and  iuferohce,  determine  the 
cuuitett,  cniiicidenceR,  and  other  abstnuc  relations  of 
phenomena.  Variety  of  eipcrimenttt  is  also  tbc  ct 
means  by  which  the  tnditTi^n^iit  and  unessential  circu 
KtanccK,  and  tbo;e  which  interfere  witlj  a  pbtruomcnon  weJ 
are  invest igaling  in  a  new  rcsearcli,  are  cgiiickly  diwclc 
and  dctcct'.'d.  If  tlie  aindition*  of  an  experiment  are 
sufl)cit;ntly  varied,  we  can  hardly  be  sure  that  unsuspected 
influences  have  not  alTt-ctttd  tlie  results;  nor  can  we  be 
certain  that  our  interpretation  of  the  re«ult«  is  correct. 
A  uniform  method  of  working  may  oonoeal  a  uniform 
error.  In  every  experiment  thert-  are  always  many  ways 
of  failing,  and  usually  only  one  way  of  succeeding ;  and  ao 
precise  rule  can  be  laid  down,  either  for  preventing  emns 
in  experiments  or  for  excluding^  thwe  errunt  which  have 
been  detected,  because  tbr-  methods  of  preventing  o^l 
excluding  them  diffor  »omewhat  in  every  different  cas4^| 


Failure  in  {experiments  often  arises  from  want  of  proper 
materials,  or  proper  proportions  of  them,  and  in  u  gr 
variety  of  other  way*.     '  Although  (he  truth  is  not  alwa; 
arrived  at   by  the  first  experiment,  iJiat  i»  not  the  case! 
because  tlia  6r^t  idea  of  the  experiment  is  not  very  often 
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9  ad«<iuate  to  obtain  ihe  tnith ;  but  it  may  sometimes  ] 
n  bcciiupw  the  mdlurinU  nu<\  iiK-aiis  wtiioli  nrc  und 
to  carry  it  out  practically  are  not  adapted  to  that  purpose ; 
and  altboti^h  th(?sc  experiments  cannot  coutamtute  tiiSi 
purity  of  tli«  tlu'on^tical  »p«cuUt if init,  (hey  are  neveribeleu ' 
unfitted  to  second  them,  on  account  of  the  tnaterials 
employed.' ' 

111  an  investigation,  it  is  usual  to  exclude  the  largest 
errors  first,  becaose  it  is  not  of  raucb  iis«  to  exclude  small 
oucB  if  large  otion  remain;  and  it  i»  highly  impDrtnnt  to 
reduce   the   mode   of   experimenting   to   its   piire>it  and 
aimpleft  form  ax  quickly  a«  poKsible,  bccaiixc  until  that 
point  is  iittained  thi*  rpsults  of  the  experiraents  are  more 
or  leas  untrustworthy,  and,  no  matter  what  time  or  money 
thtty   niiiy   have  cost,    have   to    be   wholly   or   partially 
di*i^ardtHl.*     The   mode  of  experimenting   cannot,  how-, 
ever,  bo  reduced  to  iH  puru«t  form  until  wich  a  variety  <rf' 
Gxpcriment.ti  have  been  made  aa  to  disclose  the  existenoe 
of  all  the   interfering;  circumstances.     Some  interfering 
circuoiMtancfii    are    very    treacheroUH    sourceH   of   error, 
becai»e    they   are    unauEpected ;   such   are   uttnally   dis- 
closed by  a  want  of  uniformity  in  th«  result.*,  even  wfaca; 
the  conditions   are   appareutly  similar  ;    and  this  wanfc' 
of  uniformity  ie  produced  by  the  prcviouitly  unsuxpccted 
cause  or  cannf^  operating  according  to  a  different  law  of 
variation  to  that  of  the  cause  of  th«  pure  phenomenon. 
Ae  an  example  of  this  kind ;     I   wan  investigating  the 
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'  »B;r>1att«. 

'  I  bnltcio  tliat  Mr.  1!ail«j,  in  his  ex[i«rimi<TiTH  mtiiie  la  BnerOin 
itiR  moui  di-nsity  nt  Ibc  Mulli  (ci'iiuni'itily  Jinnwii  ait '««!iihiag  tlie 
««nh ').  after  fcinral  f can  at  laboni'  and  great  oxponw.  dlftcovercd.! 
MI  envt  wlilcli  vliioicd  nil  the  nvtilla ;  and  he  thcroloni  diiicud*d 
tlic  wli.>]oof  tbcm,  and  repeated  thocntiiv  urties  ol  vxpcrimcDta  over 
Bft*ilo,  with  tlic  vuarcv  of  error  ex«lui:led  from  lli«m. 
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phfiioiuciiou  of  flcctric  currcats  produced   by   two   un- 
i.M)itally  heat«d  piecea  of  platinum  ia  li<iuids  whicli  did  not 
corrode   thvm,  and   employed   an   apparatus  vbich   wa 
reDdcrcri  wat«r-tight  liy  iiu-aiii  of  wuKhvn  of  pure  tndiii- 
rubber.     After  making  many  experimeuto,  I  found  that,^ 
although   tbc!   indiwrubbcr   liad   no  chemical  action    oe 
plaiiinim,  it  chemically  altered  s<iiiie  of  the  liiitiid^,  andl 
thus  affected   the  elcetrip  curronte,  though  not  to  sue 
a  degree  ta  seriously  to  influence  the  results.    I  bad,  ho« 
ever,  to  abandon  the  uee  of  an  expensive  apfNinitiiit  and' 
devise  and  employ  u  dilTvrvnt  one,  devoid  of  indianibber, 
in  contact  with  the  lifjtiidi),  and  alMO  to  repent  with  it 
most  of  the  former  experiments,  in  order  to  ei>m{KtrB  the' 
new  resulttt  with   the  old  one:',  iiud  thus  determine  the 
extent  of  the  interference.     Also,  in  modifyii^  an  i^xpe- 
riment,  or  the  miithod  i>f  workin^r,  in  a  research,  whether 
the  modification   is  intended  tor  the  purpose  of  saving  jj 
time  or  expeuvc,  removinfr  an  inconvenience,  or  for  oUie^| 
rciijsriuw,  il  is  Tiecessary  to  considi^r  pn-vioiii^ly  irnether  in^^ 
»o  doing  we  taay  not  introduce  an  interfering  condition. 

Ab  neithor  our  appuratUK,  materials,  or  modes  of  ] 
pulntiou  are  perfect,  the  results   obtaine<]  by  nicuna 
experiments  miist  nlwuye   be  contaminated  with  more 
less  eirur,  and  thniefore  extremely  exact  rvsult«  are  usuaUj 
suspicious. 
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CHAPTER   XLI. 

A&TA:iTAaR9  OF   HDUBBR  Ot  BXPERIUBFTS. 

In  neearch  it  is  oft«n  a  good  plan  to  settle  off-hand 
que«tiODS  which  arifc  at  the  momiMtt,  and  tlnis  clear  on 
mind  of  doubts  as  tb«y  arise ;  but  if  this  practice  is 
carried  too  for,  as  it  very  easily  may  be,  it  is  certain  to 
ImuI  tho  invMtigHtor  nway  from  \w  viibject  into  a  multi- 
plicity of  researclies  which  he  wilt  never  be  aUo  to  oom- 
plrt«.  In  t««nirchin<;  for  new  truths,  instead  of  waiting 
until  we  can  predict  with  certainty,  which  in  most  casfta 
would  be  to  wait  a  veiy  long  time,  it  ia  fretjucntly  better  { 
to  make  expvriment«  at  once,  becaune  the  making  of  aj 
munber  of  different  experimenb^,  if  varied  and  important! 
ones  arc  included,  ix  one  of  tlic  groat  and  prime  con- 
ditionR  of  di^coi'ery.  Some  of  the  discoverii's  made  by  Dr. 
Priestley  are  examples  of  this.  The  experiments  must, 
however,  be  bcw  and  well-conducted ;  if  they  are  not  new, 
the  remits  will  not  be  novel ;  and  if  not  well-conducted 
in  ail  essential  respects,  tins  n.-»tilts  will  be  erroneous,  aud 
more  or  lew  miMl<*adiDg.  A  single  well-chosen  and  pro- 
perly carried  out  experiment  is  far  more  valtuilile  than 
multitudeof  im[HTfect  ones;  if  an  experiment  is  well  made, ' 
a  repetition  of  it  ia  almost  unnecessary,  bet-aiise  it  would 
add  bat  little  to  the  ctrrtaiiity  of  the  results,  ft  is  not 
the  niintbcr  of  experiments  alone  which  lead  to  great  dis- 
ooveriee ;  Potts  of  Hulberstadt,  Professor  of  Chemistry  in 
Berlin,  and  a  lavourite  of  the  King  of  Prusia,  ia  said  to 
have  performed  30,000  experimentii  in  six  years,  for  tiie 
purpose  of  ascertaining  the  ingredients  and  process  em- 
ployed in  making  Dresden  porcelain,  hut.  disoorered  no 
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impoitunt  principle  in  ecienoe.    lie,  however,  hy  tht 
c X peri  men tM  l!ii<)  the  fouodjttiou  of  blowpipe  nnaJjuis ;  Iw 
n\ao  di^cavered  io  tiie  year  1740  that  oxide  of  manganese 
wus  u  subKtaiice  difTurent  from  oxidn  of  irou,  ancl  in  174&j 
sliowi^d  that  flilica  W3a  distinct  from  other  earths.  ^| 

Wbcu  once  a  phoaomeiKMi  has  been  divvebed  of  all  '" 
sotircfM  of  iat«rfert!iioe,  and  obtained  in  its  purest  and 
Bimpleet  form,  a  large  number  of  eiporiments  is  of  great 
importanci;,  Wcausc  if  wo  rt-pvat  aa  experiment  wltli 
every  possible  variety  of  substance,  we  are  sure  to  include 
the  moct  fooblu  and  the  most  couHpiinious  instances  of  the 
phenomenon,  and  abio  the  exceptional  and  contradictoty 
ca^es,  if  there  are  any.  Tho  discovery  of  extreme  ao^^ 
fexceptiunal  instaOM-s  is  often  of  great  value,  becftOM  ^| 
enablen  ua  to  draw  important  conclusions,  and  by  the 
further  inveEti^tioo  of  such  instances  we  sometime* 
detect  an  entirely  new  chisa  of  phenomena  which  aa  ordi- 
nary instance  would  not  enable  us  to  suggest.  But  until 
the  particular  phenomenon  has  been  obtained  in  ttH  piu««t 
and  simplest  form,  a  multiplicity  of  experiments  yield 
such  a  maw  of  complicated  and  coallictiog  results  that 
even  tlte  clearest  and  most  discerning  intellect  is  uttviljr 
unable  to  diM^itanglv  and  explain  them.  The  pheno- 
mena of  an  experiment,  even  in  its  uroplest  ooudition,  are 
usually  related  to  or  iuscparablo  from  so  many  other 
pheniimonit,'  e^pcrcially  in  the  biological  acivnoM.  that  it 
is  extremely  difficult  to  classify  and  harmonise  all  the 
reaulu,  some  usually  rem:iiiiiug  imCTpUined  even  in  a 
finished  investigation.  These  ciroumitaDees  iadicut«  the 
comparatively  email  value  of  ooncluidons  derived  from  ibp 
reeolla  of  crude  experiments. 


'  SMpp.aa,8S. 


XALct  OF  KimiiKn  or  EXTBUmSIS. 


387 


The  full  explanation  of  a  phenomenon  requires  both 
variety  nnd  number  of  vxperimi-nts ;  variety,  to  enable  us 
to  exclude  interferencea  aod  discover  causes ;  and  number, 
to  detect  luwK.  fpincial  principles,  and  extreme  and  con- 
BpiououR  inatanceB. 


CHAPTER   XLII. 


niFOBTAKCX  OF  lfU3DllBMENTS. 


'  God  Km  mftde  eveiTthing  by  wdght  and  moMoic;' 


Nbxt  to  qualitative  truths  tbemselres,  their  qnnntEtativR 
relatioQB  form  the  essence  and  basis  of  science.  Scarcely  a 
wientific  research  can  Iw  made  without  the  lutHivtance  of 
measurements  During  the  early  periods  of  science,  the 
attention  of  mankind  wax  limited  chicSy  to  facts,  and  did 
not  Lirg^ly  extend  ti  quantitative  relations ;  measiiretnenta 
were  then  leas  frequently  made,  and  those  which  wore 
made  were  compamtJvely  crude  urn!  deficient  in  accuracy. 
"Even  now,  in  a  rese-irch,  unless  the  question  to  he 
solved  IB  in  itself  primarily  a  quantitative  one,  moasure- 
mente  arc  not  made  until  the  exiAtence  of  the  phenomena 
themselves  are  ascertained.  But  in  all  the  sciences,  we 
have  now  morv  or  1«**  p»>i»«ed  the  logical  or  qualitative 
■stage,  and  have  entered,  to  a  greater  or  less  extent,  into 
the  sphere  of  exact  quantitative  research.  Sir  William 
TItomson,  in  hiii  inaugural  address,  delivered  in  1871,  to 
the  members  of  the  British  Association,  says,  '  Accumie 
and  minute  mca*uremfnt.  Rec-ms  U*  the  non-scientific 
imagination  a  less  lofty  and  dignified  work  than  lookinf* 
Ihr  Mmetbing  new.  But  nearly  all  the  grandest  dii- 
ooveries  of  scicoce  have  been  but  the  rewards  of  accurate 
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iDeasiirein«nt  and  pntient,  lon(i;-contiiiiied  labour  in 
mintite  rifling  of  iitimerical  resiillx.  Tli«  popular  idea  < 
Newton'a  gmoA  dlBcovury  is,  that  the  theory  of  gravita- 
tion flashed  upon  hiK  mind,  and  so  tlic  diiteovoTy  wa* 
nuKle.  It  was  by  a  ]oag  train  of  mathematical  calcula- 
tion, founded  on  results  accumulutod  through  prcMligiouE 
toil  of  pmotical  axtronomRrii,  that.  Nen-ton  firet  di^moD* 
stnited  the  forces  urging  the  planets  towards  the  sun, 
determintnl  the  magnitude  of  lhoi«e  fort-ea,  and  di'Vo^'ered 
that  a  force  following  the  same  law  of  variation  with 
distauiv  iu-{{v!«  the  moon  towiirdu  the  earth.  Theo,  Errt, 
wt-  may  auppit^i-,  came  to  him  the  idea  of  the  univtrsalUy 
of  flTatti(a(ton ;  Init  when  he  attempted  to  compare  the 
magnitudu  of  the  carthV  Murfao<\  he  did  not  find  the 
agreement  which  the  law  be  waa  discorering  required. 
Not  for  years  after  would  be  piihliith  his  discoveiy  u 
made.  It  is  rrcotrnt'^d  that,  Ijeing  present  at  ameeling 
of  the  Royal  Society,  he  hi?ard  a  paper  read,  describing 
geodi?«c  mL-asiuvmuul  by  Picard,  which  led  to  eerioui 
correction  of  the  previoiialy  accepted  estimate  of  the  eaitliV 
radius,  Tliiit  was  what  Newton  wanted.  Ko  went  borne 
with  the  reiiult,  and  commenced  hia  calculations,  but  fdt 
BO  agitated  that  he  handt-d  over  tht'  ftrithmdical  work  to 
a  friend  ;  tb{^Q  (and  not  when,  fitting  in  a  garden,  be  «aw 
an  apple  fall)  did  he  ascertain  that  gravitation  keeps  Uie 
mooD  in  her  orbit.  Faradny'i^  discovery  of  specifio  in- 
ductive capacity  which  inaugm'ated  the  new  pbilosopby, 
tending  to  discard  action  at  a  distance,  was  the  reinilt 
of  minute  and  accurate  meaBurempnt  of  eI>ictrio  forcM. 
Joule's  discovery  of  thermo-dj-namic  law,  through  the 
regions  of  elcotfxwjhemistr),  eleelrrt-magntttistn,  and  elas- 
ticity of  gases,  was  based  on  a  delicacy  of  thermometry 
which  seemed  impossible  to  some  of  the  most  distinguished 
ubcmiiitA  of  the  day.    Andrew's  discovery  of  the  ooutinuit 
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b(itv«en  th«  gnsoouij  and  liquid  states  was  worked  out 
by  many  yesirs  of  laborioiitt  ami  mluuti-  ineJi^urcintiit  of 
pheDumcDU  Btarcely  seDsible  to  the  naked  eye.' ' 

'  Here,  Ibeo,  we  have  <i  very  full  reeognitioD  of  the  im- 
portance of  accurate  measurement,  by  oue  wbo  lias  a  per- 
fect riglit  to  speak  nuLlioritativcly  on  such  a  Hubject.  It 
i&ay  indeed  be  maintained  that  no  accumte  knowledge  of 
anything  or  any  law  in  nature  is  possible,  unless  we 
po.iseitfl  a  faculty  of  reftTring  our  results  to  some  unit  of 
measure,  and  thus  it  might  truly  be  said — "  to  know  U  to 
meamtn.'"^ 

Atter  having  aaoertained  the  existence  of  a  fiuet  nr 
principle  in  »cience,  the  next  most  important  step  is  to 
determine  its  amount  tnidir  various  cundttiixu  of  time, 
qtace,  direction,  >£c.,  and  its  quantitative  relations  to  its 
cauMM  and  etfect«;  to  other  &cts  and  priaeipl«,  &e. 
Often  by  the  aid  of  measurements  we  are  enabled  to  deter- 
mine the  naturo,  caiiHci?,  and  cnnditionH  of  phenomena. 
One  of  the  eommoaeat  metliods  of  diticovering  whether 
two  different  phenomena  are  connected  together  is  to 
aM:rrtain  whttther  they  simultiuieoualy  vary  in  amount ;  if 
one  raries  in  the  same  proportion  as  the  other  which 
accompanies  it,  the  two  are  probably  related  to  each 
otlii^r,  either  as  caujiK-  and  effect,  or  as  coincident  effecta 
of  the  Eame  cause.  Each  force  can  only  act  in  accord- 
ance witJi  its  own  law$ ;  t)te  quantitative  relations  and 
propertieti  of  forces,  therefore,  often  enable  us  to  detect 
and  diatingtiiiih  the  action  of  tJiose  forces  in  any  new 
phenomena  which  wc  have  discovered,  and  to  ascertain 
.ilso  the  extent  to  which  such  foroes  exist  and  opeinte 


■  Addns*  10  lli«  BrlLith  AMOciallon,  1871. 

*  Aildrtm  by  Dr.  C.  W.  Siemeus.    Conlcioac**,  t^clal  Loan  Colleo  { 
tiaa,  LoDdoa,  1876,  p.  3V6. 
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in  any  giv«Q  cohc  :  for  instanoo,  tb«  propvrty  of  cltcmic 
force,  of  oausiog  dbuiinilftr  «ibHtaQoe«  to  unite  to^tbe 
only  in  doGuite  propottioos  by  wuight,  and  produce  a 
third  homoj^avoiu  KubsUnce  of  widely  difTerenl  apparent 
prop(;rties,  eoableH  ns  to  detect  that  force  in  any  new  case 
of  chemical  chaa^fe  that  occurs. 

Quantitative  methods  have  Iwen  and  are  almost  in- 
exhauHtible  sourcea  of  new  scientitic  knowledge,  and  ^J 
mnllilude  of  discoverii-ti,  many  of  wbioli  are  of  tliflj 
liigbest  value,  might  be  described,  which  hare  resulted 
from  the  employment  of  procoswrs  of  accurate  measure- 
ment. By  moans  yf  them  Galtluo  discovered  the  laws 
which  regidate  the  descent  of  falling  bodies,  and  found 
that,  when  the  time  of  descent  was  doubled  or  tripled,  tbe 
spac«  traversed  became  four  or  nine  times  greater,  and 
therefore  that  the  spaces  &llei)  through  were  proporticnal 
to  the  eqiutre*  of  the  times  of  descent;  and  a  knowled^ 
of  this  law,  that  the  earth  exercised  the  property  of 
attracting  Ixxlies,  with  a  power  which  vurii-d  invenwly  as 
the  s<|iiare  of  the  distance,  lai^ely  enabled  Xewtoo  to 
discover  the  universal  action  of  ^rarity,  by  showing  that 
tJie  law  agreed  with  the  motions  of  the  heavenly  bodies. 
Great  progress  in  chemical  science  has  been  du«  to  the 
introduction  by  Lavoisier  of  the  u»e  of  the  balance ;  and 
the  errora  in  Stahl's  theory  of  phlogiston  were  chicfiy 
di]<covvrud  by  the  aid  of  that  iu.ttrumcnt ',  the  chemically 
combining  proportions  of  substances  were  found  by  tneana 
of  accurate  wci^^hing ;  and  the  aim  of  the  gooioroeter  in 
measuring  the  anjrles  of  crystals  resulted  in  variouA 
geometrical  discoveries  in  the  sdenoe  of  CTTBtallogmphy. 

One  of  the  ^^randet^t  jinxifs  of  the  value  of  measuretnenbi 
was  the  discovery  of  the  equivalence  of  all  thv  phydc 
forces  and  chemical  elements,  and  of  their  indestructi^ 
bility ;  and  another  was  that  of  the  system  of  atomic  weight 
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in  obeouBtry.  The  laws  of  action  of  the  forces  of  heat, 
electricity,  maguctJcm,  huvc  all  htxn  ascertained  by  the 
ooinbin«d  application  of  qualitati7<>  and  <{iiantJtative 
methods ;  and  the  whole  of  the  sciences  are  penetrated  in 
all  dircctiniin  by  law*  requiring  for  their  discovery  both 
arithmetical  as  vrell  as  logical  processes. 

Quautiliitivc  mvasurements  also  greatly  aid  us  in 
diKcovt-ring  rt^idiies  of  substances,  forcex,  or  eifrct«.  It 
in  clear  that  as  neither  matter  nor  force  can  he  destroyed 
by  human  ugoncy,  from  one  hundred  parts  of  a  mixture 
of  substances  taken  for  analysis  we  ought  to  W  able  to 
obtain  neither  more  nor  less  than  one  hundred  ;  and, 
similarly,  if  ve  expend  one  hundred  part.'«  of  a  given 
force,  we  ought  to  he  able  to  obtain  as  a  result,  in  the 
form  of  other  forces,  a  Iota!  which  in  equivalent  to  neither 
more  nor  less  than  the  vbole  amount  of  power  ex- 
pended. 

Some  phenomena  (such  na  thote  of  Bmall  periodic 
changes  of  terrestrial  magni^tism)  are  so  hidden  by  lai^er 
pbenoincua  of  a  similar  kind,  that  they  could  hardly  be 
diMovered  at  all  except  by  the  aid  of  long-continued 
seric*  of  mtcmatic  measurement b,  ami  taking  the  average 
of  nunM^rouii  results.  The  average  stren^^th  and  direc- 
tion of  the  wind,  the  mean  pressure  of  the  air,  the  true 
sra-Ievel,  and  many  other  facts,  are  arrived  at  in  this 
way. 

Some  quantitative  proco^stitit  and  oontrivunccs  savo 
much  lalnur  in  research,  ft  has  been  said  that  the  inven- 
tion of  logarithms  doubled  the  hfe  of  astrouomors,  and 
that  that  of  the  differential  calculus  was  as  great  an  aid  to 
scientific  discovery  u  that  of  the  steam-engine  was  to  the 
mechaotcal  art*. 

la  fiotuequence  of  the  great  flood  of  light  which  ia 
thrown  upon  every  scientific  truth,  by  a  knowledge  of  its 
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quantitativp  relations,  we  should  in  all  cases  of  orig^ST 
rtMettrcb  make  meiuturemcaU  of  the  phenoim-ua,  and  all 
their  Htt«ndn,nt  conditions   and  circumstances,  wkenev'er 
practicable,  and  eflpecinllj  of  the  most  importunt   ont-s. 
A»  this  piienomcna  to  be  roeosiirod  ai*  often  very  minute, 
and  their  magnitudes  cannot  be  estimated  hy  means  t^ 
f>ur  fifiwes,  and  as  the  instruments  viii  employ  to  meantie 
them  always  admit  of  some  Jiitorferences  and  some  degre^ji 
of  inaccuracy,  it  is  of  great  impottanc-1%  in  nrarly  e^'eijH 
caws,  to  emphiy  the  most  trustvfortby  and  accurate  imUu-" 
menls.    Every  new  reliueuient  in  our  methods  and  ioetm- 
mcut«  of  measurement  is  sooner  or  later  employed  for 
making  additional  dtscoverieH.      Instromenta  of  preeiaion 
have  immensely  aided  discovery,  and  every  Javiwtigstor 
tihould  therefore  possess  those  adapted  to  his  researcbea — 
such  as  accurate  goniometers,  Viarometers,  balances,  mtcro- 
Kcopeif,    speclroBcopcs,    pliotomc-tcrs,    thennoiucter%    eleo^ 
trometers,  g^dvanonieters,  &c.    Accurate  measurement 
also  very  important   for   the  purpose  of  ujaking  unita 
i<tandardi<,  riilei«,   measures,    verniers,   zero-points,    mazi>^ 
mums,  minimums,  speed-ratios,  <&c.  Ac ;   and  tlic  u«o  of 
Kucb  aciMirat«  units,  standardit,  &c.,  is  also  of  very  great 
value.    Less  accurate  instruments  or  measurements  cannot 
be  employed  to  verify  the  trutJifulncss  of  more  accurate 
ones ;  it  is  of  but  little  lue  to  measure  an  effect  unUi«  we 
sUo  measure  its  cause  and  conditiouH,  nor  to  meaxure  the 
cause  or  conditions  unless  we  also  measur?  the  efTecl,  nor 
to  measure  the  one  much  more  accurately  tluin  the  other. 
Taiilts  of  ttj-K^trial  constants,  obtained  by  daily  measure- 
ment and  record  of  the  phenomena  of  light,  beat,  ma^ 
netism,   and  electricity,  all  over  this  globe,  ore  also 
immense  value  in  leading  to  dUcoveries  respecting 
planet  and  other  heavenly  IxKlies,  and  their  true  finiotic 
in  the  imivene. 
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lu  Older  to  obtitia  accurute  idea*  of  eubtitances  and 
ftitcoM,  we  require  to  know  the  exact  degree  of  every 
<4ualitj  and  properly  which  tho  nuWauce  or  force  exhihitd. 
Nearly  all  the  properties  of  substances  and  forces  are  of 
dcgri»;  only,  and  not  complete :  for  example,  no  aubataiioe 
i»  [terfectly  elastic,  or  an  absolutely  perfect  conductor  of 
heat  or  electricity;  no  one  body  is  absolutely  truuspurvnt 
or  opacjue  to  light  or  lieat ;  all  subetanceB  have  dilTer^nt 
specific  gravities,  and  even  the  iH)Ud,  liquid,  and  ga«eous 
stated  of  matter  merge  into  each  other  by  insensible 
degrees;  and  all  these  require  to  be  measured  under 
paried  cimiiitions.  Very  few  of  the  properties  of  forces 
or  wubetaaeea  arc  entirely  cbiirat^riBtic — nearly  all  of 
them  arc  relative,  and  poasessed  in  different  degrees  by 
several  or  many  subatitnces:  for  instance,  the  property  of 
attiaction  is  not  a  cliaracterislic  of  magnetism — electricity 
alao  exltibits  it ;  magnetism  is  not  characteristic  of  Iron, 
because  cobalt  and  nickel  are  also  magnetic ;  great  specific 
grarity  is  not  possessed  by  platinum  alone — several  other 
of  the  noble  metals  are  nearly  equally  heavy,  <S:c.  &o.  In 
the  subject  of  chemical  analysis  we  perhaps  find  the  most 
perfect  example:'  of  characteristic  properties  of  bodies,  but 
even  in  this  case  a  substance  can  rurely  be  distinguldied 
by  means  of  a  single  property  alone,  but  nearly  always 
only  by  several. 

The  special  degrees  of  the  different  properties  pw^essed 
by  different  Ixxlies  are  much  more  fi-ixmcntly  characteristic 
of  Uic  different  substances  than  are  the  projjcrtie*  them- 
selTes.  With  regard  to  most  of  the  properties  of  matter, 
each  subt<tance,  in  the  pure  state,  usually  possesses  its  own 
special  or  oharacteristic  degree  of  each  property  under  the 
same  conditions  of  pressure,  temperature,  &c. :  for  instance, 
the  specific  gravity  of  hydrogen,  WiUfj  assumed  to  be  equal 
to  1,  that  of  nitrogen  is  14,  oxygen  16,  elilorine  35^,  &o. ; 
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ihe  fpeciGc  gravities  of  each  of  the  pore  metals  is  nUo  i 
Dearly  <lefinlt«  and  cbar»i'i<!n.''tio  number. 

Oiemisfa  parti;  detect  and  distiog^iudi  the  variorii 
elemeDtaiy  substaccee,  as  well  as  their  compotmda,  bf 
means  of  tb«  different  degroett  in  which  they  powesfi  par- 
ticular properties,  and  the;  detemtine  the  amouots  of 
thoM  Euli¥lane<«  hf  means  of  their  different  atomic  nivl 
molecular  wfighta,  and  combining  proportions.  In  qtia- 
litativfl  analysis,  although  the  degrees  of  the  propeitie* 
of  aubslanceH  arf  rarely  actually  measured,  they  are  e«ti> 
mtit'C^'d  by  the  eye,  and  employed  as  qualitativB  testa:  for 
tnsttmce,  a  pn^cipitate  of  ehromate  of  lead  it  dlstia* 
guished  from  one  of  ehromate  of  baryta  by  ita  greater 
degree  of  yellowoess ;  one  of  sulphate  of  biirium  from  one 
of  sulphate  of  culclum  l>y  it*  greater  degree  of  inroluhility 
in  water  ;  a  salt  of  rtrontium  from  one  of  calcium  by  the 
greater  degree  of  redness  which  it  impart*  to  a   Same, 

In  theee,  and  a  multitude  of  ot^er  ways,  qunDtitatiw 
reaearoli,  and  mathematical,  arithmetical,  and  geometrical 
metiuKU,  are  of  immenm  use  In  physical  and  chemical  di»- 
oovciy.  \^'e  know,  for  instance,  a  priori,  from  geometrical 
oonHideratious,  that  a  mulcctilar  clinuiittry  of  oni>  dimen- 
sion only  cannot  be  true,  and  that  any  true  molecular 
theory  of  physics  or  chemistry  must  admit  of  tliree 
dimenaionH.' 

}litliooa  upon  millions  of  measurements  remain  ts 
be  made  in  every  single  science.  All  our  tablesi  of  con- 
stants remain  to  lit  oomplct«d,  and  the  old  ones  re- 
oonstructed,  by  the  aid  of  more  refined  metliods  and 
inttnimentji,  and  a  vfry  great  number  of  new  ones  formed. 
Xearly  all  our  tables  of  physical  and  chemical  phenomena 
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are  tiAoited  to  th«  onriinary  niiigv  of  atinospheric  pressnre 
and  tvmporattire,  but  we  require  additional  onve  for  all 
preeBiiT«fi  and  all  tetDpLTatiirMt,  and  for  nil  combinations 
of  these.  A  probable  reiiult  of  the  formation  of  such 
tables  irill  be  s  profound  alteration  of  our  ricwx  of  Da- 
tore,  beoa»wt  every  tiinglc  sul»taiice  bus  more  or  lew 
difTorent  properties  at  every  different  presaiire  and  tem- 
perature.' 

'  Now  with  respect  to  accurate  meaxuremeot-,  theory 
was  left  far  behind  by  practioe,  and  I  need  not  to  be 
reminded  how  very  much  more  accurate  were  the  measure- 
menta  of  resiiitnnce  in  the  practical  telegraphy  of  Dr. 
Werner  Siemens  and  his  brother  than  in  any  laboratory 
of  theoretical  Kcieuce.  When  in  the  laboratory  of  theo- 
retical science,  it  had  not  been  discovered  that  tho  con- 
ductivity of  different  specimens  of  copper  differed  at  all, 
in  practicid  telegmpby  workshops  they  were  found  to 
differ  by  from  thirty  to  forty  per  cent.  When  differences 
amouutint;  to  »o  miteb  were  overlooked,  when  their  very 
existence  was  not  known  to  witintific  elect rtciiinB,  the  great 
fbunders  of  accurate  meafiurements  in  telegraphy  were 
esitabli^hing  the  stiindards  of  resistance  accurate  to  one- 
tenth  per  cent.  I>r.  Werner  Siemens  and  hia  brother 
were  among  the  (intt  to  give  itoourate  standards  of  resist- 
ance, and  the  very  first  to  give  an  accurate  system  of 
unite  founded  upon  those  standards.'' 

Accnraoy  of  meatturemcnt  is  often  obtained  by  means 
of  repetition,  as  in  tjie  pendulum  ;  also  by  means  of  coin- 
oidence,  as  in  the  vernier.  Descriptionii  of  the  numerous 
ways  in  which  meaMuremeuts  have  led  to  discoveries,  and 


•  8m  Oiapler  IV.  p.  3(. 

*  M<lrtt»  hy  Sir  W.  Thonunil.    On  Elcctrlol  MMwaroincDt.    Oon- 
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of  tlie  vnrioiiii  method.*  of  measuring;  substance  ft,  for 
coaditiona,  and  sctions ;  of  wi-igliing,  and  tflkisg 
specific  gruvitiea  of  solidii,  liquids,  and  glutei ;  of  de 
raining  the  coefficients  of  eUstJcity  and  of  numerowl 
other  pro[K!rtiL<!S,  the  pOHittontof  apeotnl  liDe)i,tbo  dcgne* 
of  conduction-resistance  to  beat  and  electricity,  also  dS 
paramagnetic  and  diamagnctic  captwity,  and  a  multitude 
of  other  pbcnomena,  at  all  t(^ra{ii;rsture^  and  prcasuret, 
form  a  portion  of  the  subject  of  quantitative  research,  and 
may  be  found  in  the  various  tcxt^-bcoks  of  the  diffei 
sdences.' 


CHAPTER  XLIII. 

COMPLETION   OP  BESEARCtlBS. 


It  is  desirable  Ibat  researches  which  have  been  comtncnctd 
should  be  completed.  Not  unfrctnicotly  they  are  aban- 
doned when  only  partly  made.  The  fllfficiilty  of  complet- 
ing them  ari.ses  partly  from  the  iromenaity  and  complexity 
of  nature.  The  most  trliling  fact,  when  exhaustive!; 
invc«[t{^itvd,  gives  rise  to  many  vaHtKl  questions,  eai 
of  which  n>quires  a  separate  research,  and  the*e  M^parate 
researches  in  their  turn  give  rise  to  others,  so  that  it 
appears  impo:<«ible  to  rxhaiiKt  th«  Kubjeet,  or  mitke  tlie 
first  research  complete,  and  thus  the  results  of  valuable 
investigations  are  in  consequence  ofl«n  withheld  from 
publication :  tliis  is  a  common  case.     KesearcUes  are 
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■  foe  lllonlrntioiw  of  the  great  vnliic  of  mnthcmaltex  In  •c'leni 
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sometimes  put  aside  in  an  incomplete  state  by  the  investi- 
gator for  Ibo  piiTpot!<!  of  pursuing  new  ones,  wbicli  appear 
more  important  or  more  attractive. 

A  complete  rcecarcb  should  he  exhaustive,  bccauBe  it 
often  lia]>p«n!'  Ihat  if  n  research  is  not  thorough,  instances 
of  an  important  or  exceptional  kind  remain  imdiscavered, 
eMciitiai  Eimilnrit ies  or  difference«  continue  minoticed, 
and  lh«  true  explanations  may  remain  unattained  and 
a  wrong  one  be  aeeumed.  Some  scientific  men,  having 
made  an  experiment  and  observed  its  result,  or  observed 
■ome  Bingular  natural  phenomenon,  stop  short,  and  fail  U> 
rxamino  it  further.  Others  make  a  partial  invratigation 
only,  either  making  an  insullieient  variety  of  experiments, 
and  thereby  &iiiijg  to  exclude  interferences;  or  an  tnsnffi- 
oient  number,  and  thua  missing  extreme  and  exceptional 
instances. 

Every  part  of  an  investigation,  and  even  ea<:li  single 
experiment,  may  however  be  viewed  a?  a  smaller  research, 
eouaplttte  a*  far  n»  »t  goes,  lieeausc  we  can  compare  and 
classify  results,  and  draw  analogies  and  inferences  from 
tltpm  ]i«  ne  proccod,  and  alvo  infer  from  each  rc'!>ult  and 
class  of  results  the  f\ill  amount  of  conclusion  warranted  by 
the  evidence.  Viewed  from  the  opposite  aspect,  the  most 
ext«niiive  rejcarch  is  never  complete,  and  never  can  be 
imtil  it  extends  to  the  utmost  bounds  of  knowledge. 
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CHAPTER  XLI\^ 
oussiFicATioK  o?  KMsmm. 

This  is  sa  important  process  in  ecientJGc  reaeardi ;  it  1 
closely  n-Iat^d  to  tlip  act  of  comparison,  uid  is  the  next 
step  towards  tise  interpretation  of  results.  We  first  olaenc 
two  or  mon>  tbings,  uoe  nt  a  time,  then  compare  tbeon 
together,  anrl  pt^rceive  either  a  similarity  or  diRetcoce, 
and  classify  them  occordia^ly.  For  instance,  ire  immerse 
a  Uufy  number  of  different  subetAQces  in  a  liquefied  gas, 
and  obaerve  them  one  by  one,  and  tind  that  ninny  of  tben 
are  diseolred  and  the  remainder  are  not,  and  we  then  fona 
them  into  two  claase^  vjx.,  those  which  are  soluble  and  those 
which  are  insoluble  in  that  liquid.  We  also  arrangv  thing) 
of  a  similar  kind  together  in  classes,  and  tben  observe  for 
some  relation  l>ntween  lhi:im ;  for  inKlanov,  w«  class  together 
all  the  acid  substances  which  we  immersed  in  the  liquid, 
also  nil  the  magnetic  ones,  &c.,  and  then  olxwrve  whether 
Hither  of  those  classes  agrees  with  the  soluble  or  insoluble 
ones.  In  the  6r»t  of  these  cases  we  elasB  together  a  ouinhei 
of  different  things,  and  look  for  ciiciiliirities  and  difrorencee^ 
and  thus  divide  the  results  into  two  classes,  which  w«  may 
again  treJit  in  a  similar  way ;  and  in  the  tn^ond,  we  claai 
together  each  group  of  similar  things,  and  olMorro  fiM^| 
other  similarities  and  differences,  and  subdivide  tlicm  y 
also  and  repeat  the  procrss  if  neci^TXKary. 

Diuing  a   research   we  classify  at  every  co&venieal 
cta;:^  of  progr<«s,  because  every  classification  affords 
opportunity  of  generaliiiing ;   we   also   classify  in   every 
passible  way,  not  only  according  to  the  more  manifeat 
gimitaritie*  and  diffeKQcee  of  the  phcDomena  or  facta,  bui 
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I  Bocordiiig  to  the  more  &hKtru»e  or  hi<ldeii  oneo,  bccaiuie 
tbe  great  object  of  claaaif^'ing  ie  to  render  evident  the 
general  trutbe  contained  in  tbe  rcHultx,  and  thus  to  enable 
TU  to  extract  from  Uioiw  results,  by  meanii  of  the  siuUiMiuent 
proceeiKg  of  generalisation  and  inference,  the  largest  po»- 
■iUa  ■LEoount  of  knowledge.    Evi;n  tbe  exctiptiuual  cuees, 

,  sufficient  number  of  them  can  be  obtained,  Hhould  bo 
ified  in  a  fdmilnr  manner.  A  few  of  the  leading 
fclawiKoation  of  properties,  actions,  and  sul^tanceB, 
and  chemistry,  have  already  been  enumerated 
in  Chuirter  XXXV.,  pp.  330,  331. 

Although  for  the  piirpoae  of  scientific  discovery,  it  ia 
neoeesary  to  classify  Idciis  in  every  possible  way  in  order 
to  extract  tbe  maximum  amount  of  truth  from  tliem,  jret 
it  is  equally  neoea§ary  in  a  Byatematic  representation  of 
kikowledge,  and  in  all  cases  where  we  wish  to  determine 
tbe  TcUtive  degrees  of  iutringio  value  or  importance  of 
things,  to  classify  them  upon  the  moat  fundamental  ba«i8 
we  can  tiud. 

As  the  number  of  similaritiea  and  differences  which  wo 
are  able  to  pcrecivL-  between  the  results  of  a  given  number 
of  experiments  or  observationei  is  limited,  and  ax  the 
Dumber  of  properties,  actions,  and  substances  with  whicli 
we  are  at  pre>ent  acquainted  ii  not  infiQit«,  the  number 
of  wajg  in  which  we  can  claasiij  the  results  of  a  gingle 
meaich  is  oUo  limited.  Still,  we  never  exhaust  the  jjos- 
sible  modes  of  cln-isifying  them,  becaui«e  many  of  their 
similarities  and  differences  are  latent  and  unperceived, 
and  tJ>e  phenomena  really  present  before  us  are  far  more 
Dtuuerous  than  they  appear  to  be,  and  every  instance  con- 
£ii-  mere  information  tbun  we  can  even  imagine. 
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CHAPTER  XI,V. 

DBB  or  OKNKBALTJAnOK. 


•■iQiBBlliNation  i.i  tlie  act  uT  comprehending  under  m  comw' 
niuM  Mreral  objects  agnoing  in  some  point  wMcb  we  aitu' 
from  each  of  thnn,  nnd  which  that  oommon  tuaae  acrviee  to 
indimte. — WnATELEt. 


Tbb  objects  or  pbeuomena  which  we  compare  for  thi 
purposes  of  generalisation,  may  eith<T  !«  of  the 
certain  and  invariable  character,  liable  to  tl»  feWi 
exceptions,  and  dependent  upon  the  smallest  nttmber  of 
conditions ;  or  they  may  be  of  the  mo»t  iincertttJn  and 
variable  kind,  eubject  to  frequent  exceptions,  and  depen- 
dent upon  many  conditiona ;  or  they  may  he  of  uU  dcgt«ee 
of  certainty  between  thc?c  two  extremes.  The  fenu  gt-nrnl 
itiation  is  moat  naiially  applied  to  comparima  of  the 
former,  and  analogy  to  that  of  the  latter ;  and  arf^^umeo 
thcn'fore  which  are  baKed  upon  unalojjy  only  are 
leag  cofjent  and  more  uncertain  tJian  lhi>»e  which  are 
nptm  gencml  truthu.  We  employ  froneraliaation  in  two 
ways  for  the  purpose  of  aiding  scientific  discovery ; — 1st, 
To  draw  general  conclusions  from  adequate  evidence ; 
2nd,  To  mil*  general  (jueotiont*  or  hypotheses  for  furtbi 
investigation. 

(reneralisation  consists   in   conceii>ing  general   ii 
respectinj;  two  or  more   instance*.     The   general   ideal 
conceived  may  be  divided  into  two  kinds,  \iz.,  ihose  whii 
arc  proved  by  the  evidence,  and  those  which  are  iioL 
the  first  of  these  caaes,  generalisation  conitiiits  in  detecting 
identities  in  two  or  mon':  different  facts  or  pbenomeoia  by 
meaoA  of  thu  faculties  of  observation  and  comparison  ;  am 
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il^  MBltitutea  an  important  part,  of  ai-tiial  diitroveiy,  ^ 
bMMM  when  wc  recognise  a  similarity  or  identity  in  those 
&«t«  or  phenomenn,  we  extract  from  ilioso  facts  a  n»w 
general  tnith.  In  general  iiting,  however,  even  upon  <rom- 
plet«  proof,  we  do  not  create  new  truth  but  only  evolve  it, 
becau»e  (he  itat«ment  of  the  idcntititw  in  detail  and  that 
of  the  principle  or  general  proposition  whicli  embodies 
tliem,  arc  but  equivalent  to  each  other ;  and  tn  stating  tlie 
general  truth  we  mcrfly  affina  in  fewer  words  that  which 
lias  already  been  admitted  in  a  greater  number. 

In  the  second  ciwe,  the  process  of  generalising  consists 
in  extending  the  general  idea  by  means  of  the  faoultJ«s  of 
unagination  and  inference  to  facts  or  phenomena  which  we 
have  n(»t  actually  perceived,  and  thus  propounding  new 
bj^theses  to  be  veritied.or  questions  to  be  answered.  UHien 
we  infer  that  certain  objects  wc  have  never  perceived  (and 
in  some  cases  may  never  be  able  to  perceive)  are  similar  in 
some  respects  to  those  we  have  perceived,  our  generalisa- 
tion is  to  a  greater  or  leas  extent  uncertain,  and,  strictly 
speiatcing,  we  do  not  make  a  discovery.  A  general  truth 
is  not  completely  established  until  all  the  facts  which 
tiupport  it  arc  found  and  observed,  but  in  proiiortion  as  a 
principle  ifi  more  cxtcusive  and  liable  to  fewer  exception*, 
SO  may  we,  by  generalising,  justifiably  assume  its  existence 
in  UDM-en  cases ;  for  instance,  we  may  with  a  high  degree  of 
certainty  assume  that  the  law  of  gravity  operates  univer- 
sally, without  being  able  to  verify  it  in  every  particular  case;  . 
in  fact,  not  a  principlr  of  nature  exists  which  has  been  J 
Terifii-d  in  all  its  instances.  In  this  way,  infitrcnce,  based 
upon  suitable  knowledge,  sometimes  enables  us  to  assert 
with  safi'ty  thai  whit-h  we  cannot  prove.  We  cannot,  with 
certainty,  arrive  at  once  at  a  general  truth  ;  we  may,  how- 
ever. gue«3  it,  and  then  prove  it,  or  we  may  be  led  to  it  by 
eKperieac«;  but  in  every  case  we  must  build  it  upon  suffi- 
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cicnt  instancci  before  we  are  loj^cally  justified  in  fratiiif; 
certain  of  it. 

DifTbrant  paire  of  facts  or  phenomens,  whether  they  ue 
obBerv«(l  onen  or  uut,  diflVrr  i«  their  dogn-cs  of  wwontial 
similarity  from  complete  identity  to  entire  difference ;  nod 
in  couseqiiencB  of  thin,  legitimate  gvneraUsation  upon 
thera  passes,  by  a  series  of  insensible  degi'ees,  into  the 
feeblest  aunlogy.  And  as  th<?  dcgrws  of  essential  similarity 
between  them  <fiffer8  in  e\'6ry  different  case,  we  enn  usually 
judge  correctly  of  the  degree  of  real  similarity  only  if 
we  hiive  a  fidl  knowledge  of  the  individual  instances. 

These  remarks  show  tliat  to  g^-neraltsc  with  eafetyi  and 
to  raise  likely  hypotheses  hy  such  means,  requires  mn«h 
•elf-diwjipliue  and  uii  extensive  knowledge  of  Ecteace,  also 
the  still  rarer  qualification  of  being  able  to  judge  correctly 
of  the  true  extent  of  action  of  diffcreDt  scientific  lawn  aad 
principles,  and  the  essential  cireumstancM  necesiary  for 
their  operation  ;  only  a  wise  man  therefore  can  geueralii^l 
correctly.  ^ 

The  mere  act  of  generalisation  is  a  rx>mparativ<3ly  eosy 
process ;  and  nearly  all  men  are  much  too  apt  to  employ 
it,  beeaiide  it  yifdds  at  little  trouble  and  cost  what  appearv 
to  be  new  knowledge ;  they  often  use  it  without  taduDg 
care  to  base  it  upon  proper  or  sufficient  evidence ;  for- 
getting that  it  is  much  more  naiv:  to  suspend  the  judg- 
ment than  to  draw  a  general  conclusion  upon  inautScient 
evidence.  Tin?  immoral  priwitici-  of  nclf-dceeption  is  to 
many  persons  a  great  pleasure,  so  mucb  so  that  it  hu<  been 
said  'the  pleasure  surely  i;<  us  great  in  being  cheated  aa  to 
cheat.'  M 

In  generalising  upon  facte,  we  always  resolve  tbei^* 
into  laws  or  priocipleit ;   and  in   generaUeing  upon   the 
hlO-T,  we  always  resolve  them   into  still   mons  f^eDeral 
ones;    and  thii£  the  final  result  of  scientific  reaeardi  is 
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geoenUised  conitiateticy.  At  tb«  «nd  of  a  re«earcli  it  i» 
usual  to  generalise  to  the  utmoet  extent  that  the  (acts  will 
wflrrant ;  »iii1  thu»  emlxxlv  the  Kiihxtanw  of  tli«  rMiiIts  in 
the  briefest  collection  of  general  statemfints.  In  drawing 
up  BUcb  fitntcmente  we  should  rarcfnlly  avoid  all  thton-lioil 
languajre,  and  drawing  conclu»ionB  which  are  larger  than 
the  evidence  warrants.' 


CHAPTER   XLVI. 


DISCOTBBT  OP  DTNAHIC  CXCStS. 


trough  infinite  tim«  and  space  causation  runs 
Alik«  uninfliinnoeil  bj  the  growth  or  fnll  of  Miiut. 


I 


We  are  surrounded  on  all  »ide«  )>jr  n)\-stprioii)t  pbcnomeDa ; 
and  wh«n  we  perceive  an  unexplained  effect  we  fet:l  a 
natural  curiosity  to  seek  its  cause.  Thus,  after  having 
made  uU  thi;  uxiH^rimenta  of  a  research,  claiuified  all  the 
revolU  of  litem  In  every  conceivable  way,  ftnd  drawn  &om 
thoae  various  cluya-s  the  several  general  truths  they  raani- 
fest,  we  i)roceed  to  find  tJie  relations  of  those  truths  to 
each  other  and  to  other  truUiM,  i.e.  we  ascertain  which  of 
them  are  invariably  connected  together  and  which  are 
not,  and  of  those  which  are  ao  connected  wo  further  pro- 
eeed  to  determine  wliich  are  related  to  each  otlier  merely 
by  coincidence,  and  which  as  cause  and  cETcct. 

The  phenomeiiu  of  the  universe  are  not  uncertain,  and 
therefore  the  Great  Cause  of  all  things  is  not  capriciotu  ' 
or  arbitrary.     Neither  the  existence  nor  the  regulation  of 
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things  nppcar,  vhcD  profouDdly  iii\'ei>tigated,  to  be  le- 
huIIb  of  &  variable  or  capricious  po«'i;r.     It  iit  uuly  peraou 
who  ar»  ignomnt  of  nAturo  and  judge  by  tbe  superficial 
M.p)>enranoe  of  it,  who  disbelif^ve  in  taw  and  onier,  wxl 
beiiere  in  a  vnriablo  and  lawlej^ti  Vint  Cau«e,  capable  of 
being  itwnyMl  hj  uncertain  motivea.     It  is  preciselj  dm 
in  tboee  liubjectf  where  we  most   firmly  boIiuv«  in   the 
cxiMtcuoe  of  univer^il  law  and  order,  such  as  in  inechamcs 
and  in  the  {ihysical  and  chemical  Gciencefi,  that  the  grea: 
ndvnuce!*  have  been  made  in  civili-iilion  and  the  we! 
and  happiiifss  of  mankind,  and  the  progress  made 
been  largely  a  const-imence  of  that  bolief.     It  i»  contnu^ 
to  existing  scientilic  evidence  ta  aiuiumiH  natural  causes 
alone  acting  in  the  phjflical  and  chemical  sciences,  and 
Hupematiirul  ones  operating  in  the  biolc^oal  and  mental 
ones.     There  ia  no  real  line  of  division  between  liiing  aod 
dead,  mental  and  vital  matter.'     The  artificial  fonpation    ^ 
of  diamonds  ia  just  an  much  an  impo#!>ibility  to  uit  In  ou^| 
present  Btat«  of  ignorance  as  that  of  the  simplest  kind  o^l 
living  mtttt*^r,  a  s|»<ick  of  living  jvlly. 

The  material  universe  is  not  ruled  by  gueaa-work 
capricM).      Neither   nubstiinccs   nor  actions  ^ontaneoust^ 
create  or  destroy  themselves ;  everything  that  exiiitH  mi 
hiive  a  gnfticifnt  Reason  for  Us  existence,  and  every  physical 
and  chemical   phenomenon  miittt  have  a  cauac     If  one 
thing  may  ari^  without  a  cause,  then  so  may  anotliKr  ;  no 
universe  withonl  invariable  cauaation  would  be  an  infinite 
chaos.    The  idea  of  cause  includes  that  of  power,  hocauae 
all  dynamic,  physiml,  and  chemical  phenmnena  involve    , 
transfereBce  of  energy,  and  the  notion  of  power  inelud^H 
that  of  relation.     Tlic  relation  of  cause  and  eifect  in  on^ 
of  the  most  intimate  known;   causation  means  absolute 
dependence    and   indiasoluble    uniformity  of  code 
'  Soo  flHipler  XXm.  pp.  2IM,  80*. 
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betireon  two  or  nuHre  things.  All  our  experience  of 
nature  provea :  Ist,  that  mattor  is  th«  !^eat  of  oatural 
mues,  and  of  all  fonu«  of  energy ;  2i)(l,  tliat  tli«  ttamc 
eanse,  acting  under  the  Bsme  oircuniHtjinces,  invariably 
produces  the  tumn  effect.  For  iDctance,  the  attractive  force 
of  gravity  cauaeii  all  bodies  to  fall  towardii  the  earth  in  a 
vacuum ;  3rd,  a  cause  and  its  effect  are  two  distinct  things 
and  an  effect  i.t  not  ueoeMWirily  Minilar  to  it»  canine ;  4t)i, 
the  same  caose,  acting  under  different  circumstances,  may 
produoo  different  and  even  opposite  effects ;  thu«  gravity 
cauM*  a  stone  to  fall  and  a  curk  to  rise  in  water ;  6th,  the 
same  effect  may  be  produced  by  different  causes,  for 
instuioD,  boat  may  be  prixlwced  by  frjctien,  an  electric 
curreBt,  &c  ;  6tb,  one  cause,  acting  upon  a  »ng1e  sub- 
stance only,  often  (and  probably  nearly  always)  producett 
many  effects;  and  7th,  every  new  combination  of  matter 
or  its  forces  must  produce  a  new  effect,  and  conversely 
every  new  pbynical  or  chemical  effect  muitt  be  produced 
by  a  new  combination  of  matter  or  its  forces. 

Every  event  ha«  many  Kurrounding  antecedents,  and 
they  may  be  divided  into  those  which  are  oeparable  from 
the  event,  and  those  which  are  not ;  and  the  cau«e  of  an 
event  is  always  to  be  found  amongst  the  inseparable  ones 
only.  In  ordinary  language,  the  most  probable  cause  of 
an  event  is,  a  pnori,  that  circumstance  which,  i»  Uie 
greategt  number  of  caiies,  immediately  precedes  or  accom- 
fe^hnies  it;  and  we  call  a  cause  a  '  ttmdcncy '  when  it  is 
^rery  liable  to  be  counteracted  ur  diminished  in  its  effect 
by  undetermined  circiunsUncea. 

The  chief  conditions  of  material  causation  are  time 
and  space ;  even  the  quic-kest  phenomenon  (such  as  thought) 
occupies   time,'  and  the   most   minute   material   action 

I  sw  pp.  66, 66. 
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requires  space.  The  moet  cliaracteristic  signs  of  materul 
vausatioa  are  iDsepanilil*-  nniiimtiou  uiid  coiitinuity  in 
titne  and  xpaoe.  As  even  tlie  quickest  phenomena  occapy 
timi-,  effects  irniKt  follow  their  caueea;  an  immediate 
cauM?  also  actit  oulj'  upon  ihat  wbicb  is  contiguous 
in  space. 

The  cause  of  a  p)ijsical  or  chemical  phenomeno^B 
usually  defined  aH  that  condition,  or  gritup  of  oonditiomt  or 
circumstances  wliich,  so  far  as  our  experience  has  exteiMled, 
alwayii  preoedcs  ttii-  clTt^-l,  and  in  th<;  nlj^enoe  of  which  the 
etTect  docs  not  occur ;  i.e.,  the  cause  of  a  thing  is  the  entire 
collection  of  its  necessaxy  conditions.  According  to  this 
definition,  the  cau.'^o  of  an  existing  thing  i»  somi-  jireviously 
(.■DLibtiug  thing,  the  cau§e  of  energy  i=  pre-existing  energy, 
and  th«  causes  of  the  pliysical  and  chemical  oonditioils  of 
Die  entire  tmiverse  at  one  moment  are  the  whole  of  it* 
cuuditiuus  at  the  pn-rious  moment,  and  so  on  backwvds 
through  all  time.  According  to  (Lis  vi«w,  all  tlie  (bture 
conditions  of  the  universe  are  implicitly  contained  in  those 
of  tho  pri^Hcnt,  while  cliains  of  causes  from  plAC«  to  plftoo 
extend  through  all  existing  ipace.  Keasons  and  inferenfies 
arc  not  cauwis  or  effects,  but  only  tlic  ideas  which  repre- 
Hcnt  them. 

All  causes  ue  condition?,  and  the  conditions  of  a 
material  phenomenon  are  diridcd  into  static,  or  tltow 
in  which  luutioii  du(i8  nut  occur,  and  dynamic,  or  tliaae 
involving  motion.  The  characteristics  of  a  dynamic  cause 
or  condition  arc  not  only  inseparable  connection,  se<i»eQco 
in  time,  and  continuity  in  space,  but  also  expenditure  of 
energy.  According  to  the  kw  of  councrvation  of  unerg;^H 
no  dynamic  phytijejil  or  chemical  phenoinwion  can  occu^^ 
without  a  coDsimiptioD  of  power.  And  not  only  is  there  a 
consumption  of  powiir,  but  a  rD(tislributi<m  of  it,  often  a 
tranference  of  it  from  the  cause  to  lU  effect. 
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In  onlin-in'  lanRiingft  it  U  vtry  convMiient  to  «penk  of 
static,  as  well  as  dynmnic  conditions,  as  causes;  I  prefer, 
liowfv-iT,  in  tliix  txestiao  to  divide  tlu»  iompamble  aotccc- 
dents  and  conoomitanta  of  an  event  into  static  and 
dTUumic,  and  to  use  the  term  *  cause '  in  a  much  more 
lestrivted  «enirt>,  \iz.,  as  meaning  that  f!X<-rt.ion  of  [>U^»iical, 
dtemicul.  or  other  natural  for«-,  which  produces  a  change 
or  effect ;  and  to  empln;  iht-  tenn  '  static  conditiuns '  to 
indicate  the  other  inseparable  circumstances  of  an  event. 
In  thJK  »cMn  active  foiveM  are  thv  only  nsi  cnattx,  and 
other  inseparable  circumstances  are  static  conditiomt;  tliis 
makes  the  meaning  of  the  termtt  much  more  definite,  and 
MtaUea  this  part  of  the  cubject  to  lie  cUwiified  and  trvEited 
in  a  more  satis&ctorj  manner.  Causes  are,  in  thiit  aspect* 
dynamical  phenomena  only.  Forcei  .may,  however,  be 
•aid  in  a  special  sense  to  *act'  without  producing  change 
or  motion  of  the  mam  or  molecules ;  as  for  instance,  when 
gT«vity  acts  to  retain  bodies  on  this  earth ;  niugnetism 
acta  to  support  an  armature ;  or  cohesion  acta  to  keep  tlie 
pniljcles  of  a  body  togi^-tlicr ;  but  iu  this  kind  of  action 
there  is  no  consumption  of  power  or  conversion  of  energy, 
and  the  phenomena  are  pun-ly  statical.  The  ^eat  source 
of  terrestrial  dynamic  causation  is  the  energy  received  from 
the  sun,  and  the  sun  is  the  great  primary  cause  of  the 
various  changes  or  dynamic  effeeta  occurring  upon  this 
globe.  As  early  as  the  year  1833,  Sir  J.  Her-icliel  stated 
that  'the  i^un's  rays  are  the  ultimate  source  of  almost  every 
motion  which  takes  pkice  on  the  surface  of  thfi  earth.' 

All  physical  aud  chemical  phcDomena,  also,  whether 
cau»e«  or  efTeclK,  may  be  divided  into  statical  and  dyna- 
mical, and  the  latter  may  be  conveniently  regarded  ta 
being  composi^  of  tlie  former,  plus  motion.  Static  phe* 
nomeoa  may  also  be  regarded  as  being  more  abstriuie  than 
dynamic  ones,  because  change  is  a  chief  condition  of 
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perceptioD  nnd  coDHcioiune«8.  Every  dioaioutiOD  in  Uie 
Duiulwr  (if  attributes  of  an  idea  below  a  certaia  extent^ 
dimimijhes  mental  excit«n>ciit  and  pt^-rcvption  ;  and  d>-ua- 
mic  phcnoniena  may  be  ooondered  as  being  Use  ahstnise 
but  more  complex,  because  tbey  potssesai  tlw  additional 
attxibute  of  motion.  And  .in  the  usual  order  of  discovery 
and  exposition  is  from  the  easy  to  the  dilBcult,  &ota  tbe 
evidiiit  to  Uii;  obscurv,  and  statical  molMular  pheootneiu 
are  oft«n  less  manifetit  to  the  senaes  than  dynanuca]  ones^ 
dynamit-al  causes  may  be  oocveDiently  considered  befon 
the  more  reoimdito  Ntalical  couditioiw. 

The  number  of  possible  causes  of  phj'sical  or  ch' 
pbeuriinena  aud  tbo  number  of  possible  efivcts  of 
are  6xed  ones,  bec&uae  the  Great  Cause  of  all  tilings  act) 
by  mettns  of  definito  forces  according  to  definite  laws ; 
and  the  numlwr  of  these  forces  and  biwa,  aud  of  tbeir 
combinations  and  permutationa,  which  regulate  a  fini 
nunber  of  substances  and  actions,  although  exceeding!; 
large,  i"  probably  not  unlimited.'  We  know  of  only  om 
fcace  of  gravity,  and  one  chief  law  of  its  action  ;  and  tlte 
known  [avf,  accordiu);  to  which  cither  of  the  physical 
forcfH  may  lie  produced  or  ojM^rate,  are  but  few.  For  a 
simitar  reason  also  the  number  of  immediate  causes  uf  a 
given  effect,  or  of  immediate  effects  of  a  given  cauae,  an 
limited. 

The  total  number  of  causes  in  naUu'e  ia,  however, 
extremely  great,  and  are  as  \-aried  ««  the  phenomena  they 
produce ;  they  are  of  different  kinds,  and,  in  accordaooe 
with  the  fori;goirig  defiuition,  they  may  be  primarily 
classified  according  to  the  various  forces  of  nature,  vis. 
gravity,  mechanical  force,  cohesion,  adlieeion,  tight,  heat, 
electricity,  magnetisTn,  i:lieinical  atliaity,  vital  and  mental 
power,  lliey  may  also,  for  the  purpose  of  expo«itii>D 
■  Sm  Cliaptvr  U.  pp.  IS,  10. 
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iently  divided  into — xiltiinate,  esRential  and  non- 
tial :    real   and  apparent ;    absoibiog,  exciting,  re- 
letting, and  dct<?rniiniug  untiw ;  dvdvctinf;  and  gitidingj 
I  primary  and  secondary ;   immediate,  proximate,  and  re- 
[  mote  ;  diici't,  indirect,  and  eucociisivc ;  uctivv:  and  latvut; 
1  geoera]  and  special ;  simple,  complex,  oorapound,  and  con- 
t  eatnng ;  inductive  and  deductive ;  qualitative  and  quanti- 
||||ive;  rvgiduUn^,  Lmlanowi),  vquivideut,  preventive,  &c. 
^H  Ultimate  causes  are  the  moet  abatniee  of  any.     The 
^ranet  ultimate  cause  is  tho  greatcHt  uniformity,  and  the 
greati-^t    luiifomiity  is  the   most  ultitnate  cauet^.     That 
'  there  must  be  an  ultimate  cause  of  all  things  is  proved  by 
,  the  universality  of  cAiiNitiou,  and  by  the  exitttvacv  of 
tiiiiigs  and  their  properties;  but  the  origin  and  easentiab 
nature  of  that  cause  is  to  us,  with  our  very  limited  facul- 
ties, an   iiiitcnitablv  and  iiic'>nc<iival>le  niy-<l«ry.     Whil.it 
many  men  profess  to  be  familiar  with  the  Ultimate  Ciu?e 
of  all  things,  few  are  able  to  give  n  rational  account  of 
their  idea  of  It. 

A  nutiinil  eauKe  ii  only  made  known  to  us  by  means  of 
)ta  effects,  l>eeause  those  are  the  only  evidences  we  liaw 
of  it»  existence,  and  because  it  is  only  by  means  of  mental 
changes  (producwl  by  those  effects)  that  our  consciousoess 
is  excited.  As  also  such  a  cause  becomes  known  to  us 
only  by  means  of  its  effects,  and  as  the  effects  of  the 
ultimate  cauae  of  all  things  appi-jir  to  exist  through 
infinite  time  and  occupy  boundless  space,  our  idea  of  it  is 
the  most  inudetiuatc  of  any;  it  in,  however,  the  most 
extensive  and  ovexpowering  of  all  our  ideas,  because  of 
tlie  immense  variety,  magnitude,  and  number  of  itt 
affects.  And  as  it  i»  only  by  means  of  a  study  of  it« 
eflects  that  we  acquire  the  most  rational  or  intelligent 
idea  of  an  ultimate  power,  the  ext«iit  to  which  a  man  is 
able  to  realise  such  an  idea  is  proportionate  to  Lis  know- 
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led^c  of  natur€t,  iiicliiding  tli»t  of  tbc  liuman  mind, 
man  who  i*  tbe  most  ignorant  of  thi^  gi'^^t  priucipl4il 
natural  phenomena  csonot  poseeBa  the  most  intelligent 
idea  of  thuir  iillimati^  cauRe;  it  K  however,  o(t«D  iboati] 
who  know  the  least  of  its  effects  who  prafosa  to 
the  moHt  of  tho  Ultimate  Cause.  Ai  man  himself  ia 
t>ut  a  very  inHignitioant  part  of  creation,  a  rtudy 
him  alone  impartt!  a  f(ir  more  inadequate  idea  of  the 
Ultimate  CatiK«  of  all  natural  phenomena  than  that  of 
the  great  priDciplee  of  science  in  all  departmenta  of 
nature ;  and  it  \s»*  not  hj  a  partini  sttidj  of  mind 
alone  that  the  greatest  truths  of  ecience  were  dixcoTeiedt 
nor  ifl  it  by  means  of  such  a  study  ulone  that  the  most 
intelligent  idtm.  of  iin  ultimate  cau»e  i»  being  diecloaed. 
Every  roan's  idea  of  an  ultimate  cause  dependa  upon  his 
conceptions  and  knowh-dgi-;  and  as  these  arc  different  in 
every  different  person,  so  is  the  idea  of  an  ultiinaU;  cause. 
With  regard  to  the  conception  of  an  ultimata  cause,  at 
with  all  other  profound  ideas  and  questtons,  men  nauaUy 
\'enture  to  entertain  any  notion,  whether  true  or  blse^ 
which  most  pleases  th^ir  fct^'ling):,  and  run  the  risk  of  the 
coniieciueneei ;  and  they  do  m  hoeause  indulgenee  in  mtSb 
ideas  is  often  a  pleasing  mental  change. 

Ar  all  the  natural  changes  by  which  we  are  surrounded 
result  irom  the  molecular  motionx  in  bodies,  and  from 
att<Ta(ions  in  the  luiivcrsal  ether  which  pervades  all  bodies 
and  all  spaoe,  and  as  we  know  but  little  of  either  of  these, 
the  comparatively  essential  causes  and  conditions  of  tiling) 
are  to  tw  an  altnoitt  inscnttJihle  my«t«jy ;  for  instance,  the 
essential  natures  of  time  and  ^pac«  are  utterly  unknown  to 
us.  The  ultimate  essences  of  all  things,  like  infinite 
cxistenee,  o.iet  ^uite  beyond  our  oompreben«ion. 

It  ia  highly  necessary  to  distinguish  between  r««l  and 
apparent  causes  when  investigating  or  explaining  phyneal 
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or  cbetiaical  phenomena.  Tlicre  sun  sevt^ral  wsys  in  which 
>u  vvtiit  may  nppmr  to  hv  cauMed  by  anottirr  without 
beini;  really  ho  ;  for  instance,  the  efTeet  may  be  due  to  our 
imafn^ttion  iofitoad  of  to  the  cause  to  which  wc  ascribo 
it ;  thiu  an  txpcctat ion  of  death  Iielps  to  produce  that 
erent.  The  occurrence  of  one  event  may,  by  causing  ua 
to  notice  another,  lead  us  to  coDchidft  thiit  tht-y  are 
related  to  each  other  as  cause  and  effect,  wtien  tbey  are 
not ;  or  the  fact  of  obKcrviofr  an  effect  before  we  perceived 
ltd  caiiie  may  lead  ii!)  to  conchiile  that  the  caiiHt-  wan  pro- 
duced by  its  effect  instead  of  the  reverse.'  We  rarely 
POMBM  suffiolcDt  intellectual  acumen  to  discern  the  true 
aod  immediate  causea  of  tbin^,  because  they  are  URually 
th«  leart  apparent ;  tlie  causes  we  infer  are  often  proxi- 
lOAte  only.  As,  howcv<tr,  by  progress  of  knowledge  our 
inteUeciual  discernment  increases,  we  gradually  abandon 
tb«  ideas  of  more  easily  conceivable  causes,  because  we 
discorer  them  to  be  &lse,  and  adopt  less  easily  conceivable 
ones,  because  they  ure  more  true.  At  the  same  time,  by 
adopting  those  which  are  more  consistent  with  natural 
truths,  we  are  better  enabled  to  predict  the  futiu-e  course 
cl  event*.  Wc  gnidu^lly  abandon  the  more  enaily  con- 
ceivable ideas  of  action  by  chance,  caprice,  and  unintelli- 
gible power  in  nutuml  phenomena,  and  adopt  the  more 
God-like  ideas  of  law  and  certainty. 

Some  apparent  causes,  volition  for  example,  may  be 
termed  exciting,  releasing,  or  determining  ones,  and  norny 
be  defined  as  those  which  liberate  latent  ones  and  enable 
them  to  act.  Strictly  speaking,  these  arc  often  not  really 
cauKi-s,  but  static  conditions,  and  will  therefore  be  treated 
Af  again  under  that  heading.  'A  little  error  of  the  eye, 
ia  totnguidaiice  of  the  liand,  a  slip  of  the  foot,  a  starting 
of  a  horse,  a  sudden  mist,  or  a  great  shower,  or  a  word  un- 

^B       '  Compfin'  Jovods's  Prindylet  af  Seieitee,  roL  M.  p.  13. 
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{fuardedly  cast  forth  in  an  aroiy,  bu  tonied  Uio  stream  of 
victory  from  one  side  to  tiie  other,  and  therehj  disposed 
of  empires  and  whole  nAtione.'  *  Wb«Q  beut  enables  r^M- 
mical  action  ta  occur,  it  act«  ax  an  «x<rittag  cause,  but 
when  chemical  union  produces  be«t,  it  operates  aa  a  inie 
cau»c.  Thu  game  agent,  or  forc«  may  in  one  case  operaU 
as  a  trne  cau»e,  and  in  another  onlyasadetermiaing  nno; 
thus  beat  operates  as  a  true  cause  in  dieaseociating  the 
coiit>tituei)t«  of  a  chvinioil  compound  or  in  prxKlucicg  an 
electric  current  in  a  thermo.electric  pile ;  but  iti  function 
is  incn^y  that  of  an  excitant  when  a  change  of  temp^ 
mtiire  enablea  suljclancea  u>  unite  together  diemically. 
[d  the  two  first  cases  an  amount  of  beat  disappears 
proportional  and  equivalent  to  the  degree  of  effect  pro- 
duced, but  in  the  latter  it  does  not.  What  I  have 
termed  exciting  causes  arc  not  true  causes  of  the  chief 
effect  tmder  consideration,  but  only  of  a  coincident  phe- 
nomenon, which  1b  iu  itself  a  necessary  static  condi- 
tion of  the  pot4.-ntial  cause  opiTating ;  thus  a  certain 
temperature  is  a  necessary  condition  of  the  e^iploeion  of 
gunpowder,  and  any  cause  wliicb  will  produce  that  coodi 
tioD  will  excite  or  determine  tlie  explosion.  Tcmperat 
is  usually  a  true  cause  of  chemical  decomposition  or 
association,  but  only  a  static  condition  of  chemical  union. 
A^  realities  ■■ftj.tci  differ  greiitly  from  appeoraDoee,  to 
also  apparent  causes  are  often  not  the  real  ones,  and  ia 
such  cases  the  real  causes  are  the  most  latent  or  hldilen. 
A  wound-up  spring  contains  hidden  mechanical  power; 
easily  condensible  vapours  contain  stored-op  beat ;  oom> 
bustible  or  explosive  substances  or  mixtures,  and  alM,>  sup- 
porters of  combuHtion,  poMies^  latent  vliomical  force ;  and 
when  theie  latent  powere  are  liberated,  the  real  causes  an 
often  less  manifest  than  the  exciting  ones. 

>  SoDth. 
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Real  catwee  may  bo  either  active  or  potential,  *.«. 
.  stored  up  in  n  ktvDt  Ht«t« ;  for  iniit»iio(>,  n  t^priiig  may  be 
vroiiDd  up,  and  thts  power  expE^nded  in  vinding  may 
remain  potential  in  it  during  almost  any  length  of  tim« 
until  tli«  Kpring  in  releaited.  A  oonou^on  imparted  to 
dynamite  is  the  appareut  cause  of  thi*  exploifion,  but  the 
real  cau««  h  the  putvittial  form  existing  in  the  materials ; 
the  shock  only  liberates  a  ^niall  arooimt  of  the  poirer,  and 
th«  vibnition  or  beat  cauiied  by  that  liberated  power  eets 
free  (be  remainder.  In  this  case  the  shock  only  deter- 
mines or  excites  the  entire  result,  and  '  great  effects  from 
little  cauM-i*  spring.'  In  n  Hiuiilar  manner  the  hiat  of 
an  ordinary  fire  in  not  caused  by  the  flame  of  the  matoli 
applied  to  light  the  fire,  but  to  tbo  lil)cmtion  of  the 
stored-np  energy  of  the  burning  materials ;  the  flame  of 
tb«  match  excites  only  a  commencement  of  the  action 
by  supplying  the  rcq)ii«itc  tvinpprature.  All  combti«tible 
]  bodies  and  meet  of  the  elementary  subgtances,  eapeciatly 
W^k  highly  poHttivo  and  negative  ones,  such  as  potavHium, 
Vmium,  magneiiiiirii,  hydrogen,  &c.,  and  oxygen,  fluorine, 
clilnrine,  Rtdphur,  phosphorus,  &c.,  contain  great  potential 
chemical  energy  or  rtor«d-up  chemical  power;  strong 
acids  and  alkalies  alfio  possess  it.  A  real  cause,  according 
to  the  doetriao  of  conservation  of  energy,  is  always  equiva- 
Imt  in  power  to  it*  total  effect  or  eflect^s ;  but  an  e.sGiting 
<N19  TariM  in  amount,  and  is  often  disproportionately 
raoall,  and  maybe  termed  '  homteopRthic  ;'  for  instance, 
a  verj-  minute  spark  will  determine  the  explosion  of  an 
nolimit«d  quantity  of  gunpowder,  the  Mlighte^t.  touch  of  a 
irire  will  complet«  an  electric  circuit  and  send  a  signal 
round  Uio  earth,  &c.  Every  potential  power  may  be  con- 
a  aelf-dett^r mining  one,  when  it  in  liberated. 
Different  causes  possess  very  different  degrees  of  gen&- 
y,  some  ore  extremely  general ;  for  iostanoe,  mecha- 
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nical  force,  heat,  &c.,  whilst  othera  are   more    limited 
Aft,  for  example,  the  vital  power.     The  most  £;enersl  ol 
CUUM4  arc  cajuible  of  producin^^  sd  immonte  number  of 
effecta;   thus  mechanical   power  can  produoa  motion  ia 
ever;  existing   ponderable  t^ubstancv,  but  Bpedal  ca 
have  more  limited  action ;  vital  poner  opuntt<.-s  only 
what  are  termed  living  things. 

Tlii^rc  are  aUo  [iriiiiary  or  imiiii^diate  oauitee,  or  ibi 
directly  connected  with  the  effect;  secondary,  proximate, 
and  intermediate  ones,  or  those  constituting  the  inter" 
veiling  tinlcM  in  a  chain  of  cauKation  ;  and  rcinuli;  causee, 
or  those  only  distantly  connected  with  tJie  effect  tbrottgb 
many  others.  A»  a  chain  h  only  aa  strong  a«  it«  w(^e«t 
link,  BO  in  a  series  of  dependent  phenomena  the  liinl 
effect  is  only  ccrtnin  provided  all  tlie  intermediate  ones 
are  iiire.  The  final  effttct,  howev«!r,  Lt  not  rendered  leM 
certain  by  mere  greatness  of  number  of  interveniog  phe- 
nomena, provided  each  of  tlie  canncctioos  in  secure,  other- 
wit>e  the  phvHical  and  chemical  changes  occurring  in  tfae 
present  age  would  bo  Icstt  detcrmiuiite  than  those  in  past 
times.  Persons  who  are  unwilling  to  admit  the  certain^ 
of  action  of  remote  causes  might  with  advantage  re- 
member that  WK  arc  all  of  us  as  certainly  the  children  of 
Adam  as  of  our  immediate  progenitors.  The  great  prin- 
ciples of  continuity,  indestructibility,  and  cittivalence  of 
matter  and  force  dett^rmine  the  certainty  and  non-dimiuu* 
Uon  of  effect  by  lapse  of  lime. 

An  matter  is  the  scat  of  cauMtiou,  complexity  of  m: 
terial  structure  indicates  complexity  of  action  of  cauMS' 
within  or  upou  it.  Simple  structures  are  also  itsually 
more  stable  than  comph>x  ones,  and  will  often  bear  the 
greatest  change  of  temperature  without  being  decom- 
posed. There  is  more  mutual  dependence  in  organic 
bodies  than  in  inorganic  ones.     Cerebral  matter  is  tbe 
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eomplex  ia  strticturc  of  all  siibataiice-s,  and  i)Oii«ec«e« 
.  tlie  taoet  complex  functions ;  it  also  readily  decompoMS. 
'  In  caasotiiivnoc  of  tb<:  uomplvxit}'  of  tlio  molecular  consti- 
tution of  matt«r  and  of  the  extremely  crude  ways  in  which 
we  commonly  apply  the  phyeicul  forc«s  to  it,  the  usual 
ncull  of  llie  action  of  a  cause  i»  to  producu  a  multiplicity 
and  variety  of  effects.  One  physical  change  in  a  body 
larely  bappt-us  aloue,  others  occur  with  it ;  for  instance, 
nben  iron  in  cooled  from  a  red  lieat  it  suffers  numvrom 
iCfaaDgcs.'  Multiplication  of  etTectH,  with  the  consequent 
■  introduction  of  difftTcuces,  is  the  great  process  by  means  of 
which  the  forces  of  nntute  produce  divenity  of  phenomena 
throughout  the  univeree.  An  uniform  cause  sometimes 
produces  »  variable  or  a  differentiated  effect,  in  coos^ 
qnence  of  variation  or  difference  of  resistance  (resistance 
'  itaelf  being  u  condition).  Simultaneously  with  this  pro- 
cess of  differentiation  there  is  oontinuiilly  occurring  an 
opposite  action  of  concurrent  or  compound  forces,  in  which 
of  a  uumlx^r  of  c!iu«es,  eneti  contriViuteB  a  part  towards  pro- 
ducing a  single  result,  and  ."impiicity  is  converted  into 
complexity  by  means  of  comliinaf  ion  and  permutation  of 
cuuea.  For  inxtance,  a  number  of  influences  concur  to 
twtore  an  invalid  to  health ;  a  multitude  of  streamx  act 
as  a  compound  cause  to  fill  tlie  ocean ;  and  so  on.  And 
these  two  opposite  processes  of  divergence  and  convergence 
of  causes  operate  tlmiughout  nature  in  nearly  equal 
amount.  In  Kome  cases  each  cause  producOM  its  effect 
independently  of  the  others,  but  in  other  cases  all  the 
other  causes  must  conspire  to  act  wiUi  it,  otberwiss  no 
effect  is  produced.' 


•  Sm  ctiapisT  IV.  p.  33. 

•  Th**ahJ«cii>of  iciniihilityof  plipn(impna.inulllp!1onlioni>f  effecta, 
,  istcginlioc,  luid  04111  libisiiuti  of  pboDomciut,  cvolulloo, 
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Ixtth  inductively  and  deduotiv«l; ;  thu»  uoder  oda 
conditions  the  diopter  force  of  beat  produoee  the  mote 
complex  farm  of  energy  we  coll  cltvmical  affinitj,  irbilst 
undrr  ot.lictr  cnniitioDe,  ofaemical  energy  produce*  beat; 
in  otbcr  cases  a  nuraVwr  of  small  and  more  complex  pheno- 
mena coinliino  togfttber  tx>  produce  a  re«ult  of  K  umpler 
kind.  7'hia  inductive  and  deductive  action  of  eatnes  ia 
related  to  the  great  principle  of  conservation  of  enerf^r.  for 
if  simple  cau»eH  coiUd  not  produce  complex  effoctH,  all  the 
more  complex  forcet!  and  tbeir  actions  would  be  gfradualljr 
re«oIved  into  the  Kimplerones  and  thiu  dtHappcar.  If  also 
the  conversion  of  complex  foroes  into  ampler  ones  wm 
f^euter  in  amount  tlmn  that  of  simple  force*  into  eomplax 
one«,  the  latter  would  disappear. 
^H  Causes  vary  in  maf^itude,  and  ever;  dynamical 

^V  must  have  a  tri)«  and  eipiivalcnt  dynamical  eaow.  Effe 
are  proportional  to  true  causes  only,  not  t«  exciting  cnetj 
existing  ciiiiscs  arc  luss  than  oquiviilont  to  their  api; 
effecla.  Tlie  effi-cts  of  exciting  causes  are  mixed  (lui 
titles;  viz.,  tho«o  due  to  the  exciting  cause,  and  Umm 
due  to  the  potential  cause  which  produces  the  chief  effect; 
and  as  in  many  cases  exciting  and  true  causes  act  together, 
the  law  of  proporlioniUity  of  etfectft  to  tJto  immediate 
causes  appears  to  fail  in  those  casee. 

CBUSI.-K  an;  often  opposc-d  to  each  other,  and  an  effect 
fre<]uently  a  product  of  the  difference  of  power  of 
opposing  influences.  In  other  cases,  where  the  opposing 
inSuences  nm  equal  in  amount,  tli(ry  are  balanced,  and 
mutually  preventive  of  each  other's  effects,  and  a  static 
result  exists;   rest  in  such  cases   may  be  viewed   as 


mnlintillj  of  mulioti.  pt'nislPtioir  ot  toree,  JItcu  ore  abij  treated  of  In 
'  Fini  Ptiticipl<i»i'  I'm  11^  by  H«ibert  tfpducur. 
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efleot  of  tvo  opposite-  tC'Ddcnciog  to  motion.     Multitiideg, 
of  cawns  of  this  kind  cuntiuiiallv  occur. 

Prevotitivos  are  oontmrj'  or  incoropntiblc  caiieu^,  and 
if  we  know  what  oircumstance  prevents,  or  i*  incom- 
patible witb  au  offcct,  we  ore  very  neur  to  knowiti);  the 
cause  or  condition  of  tlml  effect.,  because  we  know  tt  i«  on 
esnctly  cuntnuliotory  one. 

Forc-fD,  or  (l^Hiamiv  <;au*<^  Are  convertible  into  each 
other :  bill  prolttbly  not  wholly  no  in  evttry  case.  Wc 
eu  convert  mechanical  force  wholly  into  heat,  but  not  the 
nverae ;  «nd  Ikuicv  aHmh  the  univerMnl  diffusion  of  foroc  in 
tJie  form  of  uniform  temperature,  and  tJio  theoiy  of  dinia 
pBtion  of  on«Tf[}'.i 

Different  forms  of  energy  are  not  only  convertible,  but 
may  be  equivalent  to  each  other.  Equivalent  oauseii  are 
tho%  which  are  equal  in  the  amount  of  their  ener^ ;  tbiw, 
lie  amo'int  of  heat  which  muat  be  imparled  to  one  ponnd 
of  liquid  w»ter  in  order  to  raise  its  tcmpemturc  one  Fahren- 
heit dejfree  would,  if  whuHy  convi-rlt-d  into  mechanical 
power,  be  MiifHoient  to  lift  a  pound  weight  772^  feet  high. 
The  chemical  power  also  storod  up  in  a  piece  of  ooal 
would,  when  conwrted  wholly  into  mechanical  force,  ba 
BufRcietit  to  lift  that  pieoo  of  coal  a  height  of  more  than' 
S,000  miles  ;  and  the  combii»tion  of  half  a  pound  of  car- 
bon would  thuH  hi  oijuivalent  to  lifting  a  man  to  the  top 
of  the  highest  mountaiu. 

It  is  a  partially  fulxe  doctrine,  that  a  cause  13  neoe«i-1 
ttrily  similar  to  it«(  effect;  but  it  is  very  Mattering  to  hun 
man  vanity  to  believe  that  that  which  made  a  man  must^ 
ba  liko  a  man.  There  are,  on  the  one  hand,  numerous 
maes  in  which  cawee  and  their  eSects  are  similur,  but,  on 
the  other,  there  arc  midtitudi^  of  in.itanee8  in  which  tbey 
are  largely  different.  The  maker  of  a  house  is  not  fashioned 

'  Sm  pp.  162-168. 
E  B 
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liko  a  house ;  tb«  maker  of  a  watcti  is  Dot  a  wat«h ;  n'irl 
t:hf  contriver  of  a  titeaiii-eDginet  a  Kt«am  eng;in«  hinim-lf^ 
and  even  a  parent  ie  not  newssarily  exactly  like  hie  child 

Tho  dftcrminiitinD  of  («iue»  is  od«  of  the  moet  difFiculf 
pxriM  of  original  reu-arch,  because  it  reqiiireK  the  gn'att 
combination  of  human  powew,  and  it  is  consequently  the 
one  in  which  an  invt^Ali^ator  l»  the  moNt  apt  lo  err.     It 
reqiiirea,  more   than    any  other  scientific  occupation,  an 
extcnsin-  and  Round  knowledge  of  general  tcientitic  prin- 
ciples and  their  relative  decrees  of  importance,an  arijuaint- 
ancc  with  tl:v  untnriil  iirilor  of  dcpcn<li.'nce  of  the  Hcienc 
and  the  farcea  of  which  they  treat ;  tlte  principle*  of 
ser%'ation  of  matter  and  of  force,  of  action  and  reaction.  < 
tht!  correlatiiin,  mutual  convertibility,  and  e<|iii\'ali.nicc 
the  various  forces ;   the  inseparable  connection  betn 
8tOT«d-up  powcnt  and  modular  *tale«,  and  bt^tween  actin 
forces  and  molecular  changes  ;  the  general  property  wltieh 
matter  possmsM  of  enahling  one  force  to  simultaneousl] 
produce  many  effects,  and  of  eeveral  forces  to  prodc 
one  effect;  lli«  rhythmical  action  of  forces,  and  the  ni 
rous  other  great  general  principles  already  enumerated 
Cliapter  XIV.     As   the   mcthtKl   of  determining  cau 
effecls,  conditions,  coincidenceH,  and  other  abalruse  reL 
tions,  arc  processes  of  inference,  tlits   part  of  re^eaicb 
etipeoiaUy  requires  a  logical  habit  of  mind,  and  u  conoide^^ 
able  power  of  reasoning  correctly.     Sometimes,  in  eooN^f 
((uencr  of  tlie  invest  igntor'ii  mind  being  engrossed  witb  Die 
details  of  his  research,  the  most  obvious  cause  of  the  phfr 
nomeua  he  is  inveatij^ting  is  overlooked,  and  eitlier  Do    , 
oauiM^  is  discovered  or  a  wrong  one  aligned.  ^| 

It  is  a  wise  nile,  not  to  asaame  the  existence  nropera^^ 
tion  of  occult  or  new  caiiKeM,  when  ordinary  ones  are  suffi- 
cient to  account  for  all  the  effects,  or  when  Ihey  will  heot 
explain  them  ;  and  on  the  other  hand,  it  is  aUo  a  good 
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whflD  tberc  nrp  exceptional  inetancc?  which  ordi- 
narj-  causes  will  not  csplaiu,  Ut  aj'swnn-  tUr  csistcnw;  and 
operation  of  wider  and  deeper-eeated  caueiea. 

We  ciiDDot  perceive  forces  thcmaclveg,  but  we  can  per- 
ceive ilwtir  effecl*.  and  the  ordw  of  (Leiii,  and  ar«  thus 
eoaUed  to  infer  the  actions  of  those  forces,  and  the  order 
of  the  ftctionit.  Our  power  of  pL^rcciviiig  nets  of  causation 
depends  upon  our  con8ciouiine«t<i  of  mental  change ;  and  we 
perceive  ejects  of  causes,  and  the  order  of  tbeir  succession, 
bec«ii!*rr  thi^y  art;  iictA  of  change  and  products  changt^in  u«. 
To  diwwver  the  cause  or  causes  of  a  new  pht^nomenon 
vith  certainty,  the  whole  of  it«  conditions  and  circum- 
utanci^  niu*t  he  individually  investigated.  The  discovery 
of  the  line  cause  or  causes  is  ofton  only  arrived  at  at  an 
BdTO&ced  stage  of  a  rt-ncarch ;  to  discover  them  we  have 
usually  to  invent  the  correct  hypothesis,  and  draw  tJOe 
right  conclusion ;  sometimes  this  is  done  even  l^cfore  a 
research  is  oomm«aced;  at  other  tiineti  not  until  it  is 
/far  advanced  or  nearly  completed;  and  usually  we  have 
to  invent  many  hypotheHes  Iwfore  we  ohlaiu  the  right  one. 
All  the  conditions  of  the  phenomenon  must,  as  CDinpIctt-Iy 
a-*  possihlf,  b'^  isolated  one  by  one,  and  the  effect  of  ex- 
cluding each  condition  and  circumstance  must  he  carefully 
observedand  noted.  The  cau^e  orcaiues  must  exist  among 
the  invariable  anl>^edenta  or  concomitants  of  the  eiFect, 
whether  we  can  perceive  them  or  not.  Wliatcver  can  be 
omitted  i»  no  part  of  tlie  cause ;  the  cause  cannot  be  any- 
thing which  is  present  in  cases  where  the  effect  is  not 
produced,  unless  a  preventive  cause  or  condition  is  also 
present ;  it  is  often  sugge^t^d  by  analogy,  as  well  as  by 
uhcterving  that  something  viuries  as  the  effect  varies. 

At  the  outset  we  shouhl  choose  for  invi.«tigation  the 
simplest  form  of  the  phenomenon,  and  we  roust  then  first 
Kparate  as  completely  as  po^ible  all  the  unexscntiul  and 
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uninflucncing  circtim«tanc«8,  antl  we  can  judge  to  •ome 
wxt«nt  what  those  are  Ukely  to  be,  by  m«ana  of  our  previout 
knowle<lge  of  ecit^ice.    To  know  the  caiue  of  &tlure  or  of 
inf#rfereuce  is  often  the  greatest  step  towarda  ensuring 
BiK'cess.     When  we  poeaess  no  knowledge  of  the  circoin^ 
stances  attending  an  event,  we  can  form  no  idea  rc!<pvctiii^H 
ita  canae.     We  muat  not  as^me  without  sufficient  evi- 
dence either  dependence  or  independence  of  tbo  pheno- 
menon upon  any  one  of  the  e<;)nditionR  or  cireitmstanMS 
present,  nor  the  absence  of  all  interference ;  because  manj 
of  the  most  obvious  circumstnnccM  attending  a  phonomenoo 
have  often  no  real  connection  with  it.  Even  two  variaUoa 
m«y  follow  the  same  law,  and  yet  be  the  result  of  different 
oausea,  and  not  be  actually  connecti'd  ;  and,  on  the  otho 
hand,  th«  most  ohvioua  circumstances  may  be  the  real 
oaii^e.     The  only  invariable  anteci-dcnt  or  antecedents  of    ' 
a  phenomenon  constitute  the  probable  cause  of  it ;  there 
may,  liowever,  be  a  hidden  or  latent  cfimo ;  and  also  t 
plurality  of  causeB.     Every  cause  which  follows  a  diffcrenl 
law  of  incrcaw*  or  dwreiiw  to  that   which  produces  tb* 
true  effect  has  to  be  excluded,  because  it  di>^iiHss  thr 
one  we  are  examining;  and,  if  desirable,  this  int^-rftriu^ 
cause  may   be  separately   investigated.      Of  tJie  toaept 
raUa  conditions  and  circumstances   wbicii  now   remaia, 
we  must  ascerlain  which  are  uuitt^d  by  llic  bonds  of  caoa- 
tionand  neceiisary  condition, and  which  bycoincidcDoeon1|. 
If,  after  separating  all  the  cauites  whieh  appear  to  interfere 
with  the  effect,  the  same  conditions  do  not  uniformly  pro- 
duce the  Kame  result,  there  inu«t  remain  some  nnoLsemi 
difference;  therefore,  we  should  never  omit  to  d^^^eribeerelT 
circumstance  whiehucc^mpnnies  the  effect;  and  if  wecauirt 
readily  diacover  the  cause,  we  Khuuld  make  radical  cbai^ 
in  the  experiment.      If  aUo,  after   having  m  any  e«K 
excluded  all  tJie  re«ult«  of  known  causes,  an  effect  itil! 
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'mains,  it  IK  probably  due  to  a  a«w  cause,  and  Is,  tiin^ . 
fore,  important.     Vi'e  can  often  detect  a  cause  by  meointr- ' 
iog  tlio  amount  of  ravr^  wkicli  disuppciiK  in  producing 
given  amounts  of  t)ie  otfect. 

There  are  several  gi-nenil  methods  of  di woven Dg 
causes  srt  forth  in  difTerent  bookg  on  logic,  and  thej 
are  nsually  termed  the  Method  of  Agreement,  the  Method 
of  Diffcri-ncc,  the  Cotiibiaed  Method  of  Agreement  and 
DifTerenoe,  the  Method  of  Coincident  Variations,  and  the 
Method  of  KesidiifiH.  They  may  be  deetxibed  as  follows, 
but  each  method  as  descrihed  is  only  applicable  provided 
all  separable  conditions  have  been  previously  excluded. 

The  MetJiod  of  Agreement  is — If  two  iustane*-*  of  u 
phenomenon  have  only  one  circumstance  iu  which  they 
perfectly  agrw,  tbiit  ciroiimfttjmce  i^  the  only  invariable 
con  00  mi  la  nt,  and  therefore  the  cause  of  the  phenomenon. 
But  as  it  is  rarely  the  case  that  two  instanceii  perfectly 
agree  iu  only  one  particular,  a  itufEeteut  uuml)er  of  inttaacw 
are  taken,  bo  that  by  means  of  one  or  another  the  whole  of 
tlie  conditions  arc  excluded  except  the  one  which  is  the 
inTariable  concomitant;  so  that  there  only  remains  in  all 
the  cases  otw.  circumstance  to  which  the  pbenomeoon  can 
poesibly  be  due.  Agreement  in  absence  of  the  caus<^'  aud 
effect  largely  conlirms  and  strengthens  the  oonchijiion 
derived  from  their  sgrccment  iu  presence.  This  method 
enables  its  to  discover  all  invariable  connection,  whetber  of 
causation,  necessary  condition,  or  mere  coincidence ;  every 
additional  instance  also  strengthens  a  concluHion  obt^uned 
by  ita  means.  If  there  remain,  aa  is  naually  the  ca»e, 
sereral  inseparable  circumstunees,  one  or  more  must  he  the 
cause,  aud  the  remainder  are  only  conditions  of  the  retiult. 
The  Method  of  Difference  is — If  two  instances  are 
alike  in  all  rcspcctn,  except  that  a  circumstance  is  pn-aent 
and  s  phenomenon  occurs  in  one  but  not  in  the  other,  that 
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eirctirastance   is   th«   caiima  of  tluit   phemimeuoD.      Tt 
instanoee  must  not  differ  in  moie  thao  ooe  particular, 
if  tkej  vftry  iu  Hevenil  rexpt-cU  we  cannot  t«U  to  wlucb 
the  effect  is  due.     The  great  rule  for  discovering  caxaes 
by  means  of  eipcrimeut  is  to  vaty  uiiljr  one  circiunetanott 
at  a  time,  keeping  all  the  otfaeni  juiit  as  tbej  were.     If  1|^| 
adding  or  removing  a  single  circumstaDoe  a  change  occm^^ 
tiiut  virciintdtauce  is  either  u  caii»e  or  ooodiliun  of  the 
event  or  of  a  part  of  it ;  but  if  we  add  or  remove 
circuniHtaucc's  nt  once,  w«  cannot  bo  iiuru  that  the 
dianget*  )ia<l  not  neiitnilined  each  otlter'ii  offi-ot.     Uaiult 
we  find  that  there  are  Eoveral  circtioistaoees,  on  excluding 
each  of  which  the  phciKnuenon  ia  affected ;   and  in  that 
case  one  or  more  must  be  the  cau^^e  and  the  remainder  arv 
conditioiiNof  the  event.     We  employ  this  method  largelj 
when  making  experiments. 

We  ofu-u  cannot  vary  only  one  circumxlance  at  a  tjme, 
and  therefore  cannot  employ  the  MetJiod  of  Diffeirenoe ;  id 
HUch  cases  we  use  the  Combined  Method  of  Agreement 
and  Differenco,  which  ixa^foUowK:— If  onetctof  instanoR 
ban  only  one  circumataiice  in  common,  and  an  effci't 
occum;  and  tf  anolhtir  «et  hft«  nothing  in  commou  except 
tho  absence  of  that  circumstance,  and  the  effect  doe«  noc 
occur,  that  circumslanco  is  tho  cause  of  tliat 
Uuiallj,  however,  there  are  steveral  iii^-parablo 
stancefi  which  arc  the  cauf<e  and  conditions  of  an  effecL 

Tht-  Mulhiid  (ff  C'oincidi^nt  Variations  i»— If  one  fhe- 
nomenon  varies  in  a  particular  manner,  whenever  anothet 
varict)  in  »  particular  miiuner  the  latter  is  probably  die 
vAaac.  of  the  former.  The  variation  may  be  either  direcL 
inverse,  or  even  aba  different  rate,  provided  it  is  iuvariaUj 
coincident  or  Knoi-e»ifiv«.  This  is  a  powerful  method  of 
discovering  inseparable  conditionit,  and  we  cmploj  it 
when  wc  compare  scric«  of  constanta  in  order  to  deid^l] 
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relitionc  hctweoD  them.  Two  thingB  may  however  Iw 
inseparable  and  vary  equally  togetiier,  and  yet  be  only 
coincident. 

Tlif  Alethod  of  Kcsidiics  U — HaWng  allowed  for  tho 
efft^ct  of  all  known  causes,  whatever  reniainH  of  the  etfect 
touRt  bo  due  to  an  unknown  catise.  Tbe  proof  of  a  com- 
plete attaly^iii  of  a  phenomenon  is,  tbiit  tlurre  in  tinibitig 
left  unaccounted  for.  This  method  i^  coDtiniially  used  in 
cbcmical  discovery ;  it  is  specially  suited  to  thti  diiwov4»y 
of  new  elementaiy  substances  and  of  some  astronomical 
pbenomcna. 

Tlie  caii»e»  of  some  pheiiomeim  are  far  more  difficidt  t<t 
ascertain  than  those  of  others ;  those  of  Mme  phenomena 
are  perceived  at  once,  but  those  of  time  and  ^puce  are  far 
beyond  our  deepest  conceptions.  In  a  research,  in  order 
to  eugge:;!  likely  causes,  we  compare  the  phenomena  wc 
have  found  with  those  already  known.  They  either  re- 
MinMe  some  known  phenomena  or  they  do  not ;  in  the 
btrmer  case  tlicy  are  probably  produced  by  jomo  known 
owue  or  causes ;  in  the  latter,  they  may  be  either  due  to 
some  unknown  cuusp,  or  to  some  pectiliar  combination,  or 
mode  of  octiou,  of  known  ones.  Tht*  degree  of  probability 
iliat  they  are  due  to  an  unknown  caUHo  is  however  very 
small,  because  the  discovery  of  a' new  physical  agency,  or 
t^'cn  of  a  new  relation  between  known  physical  powers,  is 
a  very  rare  occurrence. 

As  the  nuuiber  of  physical  and  chemical  phenomena 
alrvady  known  is  immense,  and  our  mental  powers  are 
so  limited  as  only  to  enable  w  to  thiuk  of  a  few  tiling 
simultauciiuHily,  it  is  evident  that  the  new  phenomena  can 
only  be  compnred  with  a  purtioo  of  the  old  ones  at  n  lime. 
W ell -cliLssi tied  kuowledgi:  of  sc-ience,  and  familiarity  with 
the  f^at  groups  of  scientific  truths,  and  with  the  orders 
of  forces,  subitancQS,  and  relations  of  substances,  in  phy- 
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Htcnl  and  c}i<>mical  aeties  and  XaHcs  of  oonstanta,  ts  in 
COM!  of  grvtit  assisUmcu,  bj  rmibliiig  us  to  compare  tlie 
phenoiDena  in  groujiH  iiiHU^ii<]  of  instance  by  instanee. 
Every  force  has  its  own  set  of  la're,  and  the  prcscoce  of 
eacli  force  may  be  inferred  from  Miow-  Uwi(,and  tnt»  ven&. 
As  the  number  of  essentially  different  forms  of  eneigjr 
which  prodiicu  all  the  raried  phonom«na  on  tlux  gM» 
ia  a  very  #miill  one,  their  eliaracters  defitute,  and  their 
modes  of  operation  in  nearly  all  cotes  nha  wvll-definDd,  we 
oao  generally  hooq  determine  to  which  of  the  foroes  the  new 
phenomena  are  not  esBentially  related,  and  at  once  dismia 
them  friim  our  con^idcnilion.  For  example,  if  tlte  plwrno- 
mena  take  place  in  inanimate  substances,  we  can  at  once 
dismiM  from  eon«ideration  the  vital  and  nervous  povrets, 
and  all  thi^ir  mcides  nf  acti<kn  and  relations.  Tlie  plien<^ 
meua  of  chemistry  also  are  usuully  of  so  distinct  a  kind, 
taking  place  according  to  the  law  of  definite  proportion 
by  wei<;ht,  that  we  can  in  most  cases  booq  decide  whether 
cbemicfil  torce  in  involved  in  the  CH«e  or  oot;  if  there  is 
no  permanent  change  of  property  or  alteration  of  wight 
of  the  Eut«tunee»,  chemical  action  has  not  occurred. 
Following  up  this  prooeKs  of  exclusion,  we  usually  tooa 
find  one  or  at  most  two  forces  to  which  only  the  phenomena 
can  W  related  or  due^  By  now  rcmomberiug  the  \-arioa8 
chief  ways  in  which  those  forceo  act,  and  the  kind  ur  class 
of  Mubilanoes  in  which  etu-h  of  them  is  manifested,  we  are 
often  enabled  to  judge  which  i»  likely  to  be  the  cause. 
For  instance,  if  the  substance  employed  contains  iron,  and 
i»  attracted  or  moved  by  a  magnet,  we  conxidsr  it  pro- 
bable thnt  the  attraction  is  magnetic  ;  but  if  thesubstaiwa 
is  lion- lut^tai  lie,  and  is  first  attracted  into  contact  witfa 
and  then  repelled  by  an  electrified  )x>()y,  we  couclude  tbab 
the  Bttiaet  ion  is  electric ;  and  if  tiie  phenoraetuin  is 
Joctrie,  we  can  usually  t«U  whether  it  is  static  or  dyuami 
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and  thus  Ktill  ftii-ther  narrow  tlie  extent  of  unoertaCntj. 
Tbia  w  only  a  crude  Uliistration,  1>7  meana  of  familiar 
ptwnomvun,  of  the  votj  much  moru  difficult  and  tedious 
process  eraplojed  iu  actual  research. 

Or  wc  may  thinlc  of  the  most  frequently  occiuring 
eamea  of  ximilar  pht>iiom<nia.  For  ioittance,  if  it  i>>  a  ca«e 
of  motion,  we  think  of  ordinary  mechanical  cauiws,  vibra- 
tion of  tho  room,  currt^nts  of  air,  &c,,  us  bt-in^  titv  must 
fre(|Uent  and  therefore  the  raost  probable ;  tlien  of  motion 
produced  by  expamtion  by  heat,  or  by  electric  or  magnetic 
atbractioon,  ^c.  Ah  the  most  prultable  cau^  of  an  event 
nsually  ie  that  circumstance  which  in  the  gjeatest  number 
of  ctLfCs  at'oompimics  it,  we  also  observe  wbal  are  tlic  cou- 
ditionii  and  circum^tanot^  most  frequently  present ;  and  if 
■we  perceive  that  a  similar  force  is  active,  or  similar  con- 
ditions exint  in  tb«  p]i<M]omcna  under  laveKtigntion  a»  in 
othent  which  are  known,  we  mu^t  at  once  infer  tJiat  such 
a  force  or  conditions  may  bo  the  cause,  and  we  devi»ehypo- 
tiMseB  which  i^ee  with  this.  If  a  phenomenon  have  one 
antecedent  which  appears  to  be  the  only  invariable  one, 
that  one  is  probably  ibe  cause  ;  diSerent  antecedents  may, 
however,  produce  the  same  effect. 

In  some  cases,  however,  we  arrive  at  this  stage  of  the 
enquiry  at  once  and  without  sensible  effort,  becaiwe  the 
phenomena  bi'lou^  obviously  to  some  particular  force ; 
and  tlie  ntxt  step  ia  to  discover  the  way  in  which  the 
particular  form  of  energy  operates  t^  produce  the  effect. 
To  SKsertuin  this,  we  think  of  each  general  mode  or 
principle  of  action,  and  each  qualitative  order  and  series 
of  oonelants  of  the  particular  force,  in  order  to  exclude 
thooe  which  evidently  have  no  relation  tothccff<.*t,  and  to 
find  a  case  of  resemblance.  If  a  resemblance  is  found* 
ooncordant  hypotheses  must  be  imagined,  and  stiitablo 
waya  of  tenting  tliem  i»veat«d;  but  if  no    resemblance 
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can,  after  cln»e  scrutiny,  be  thiiit  found,  tbe  case  is  &  diffi- 
cult one.  Either  Rcientific  koowled^  ia  not  nuSicientlv 
ndvanrcd  to  nfford  the  true  cxpUnution,  or  t)ie  disoovei; 
of  it  lies  l>«yoniI  our  uictilal  piiwor;  or  we  have  met 
a  phenomenun  of  a  new  and  unknown  kind. 

If  iu  any  case,  aftwr  all  our  t«it  expi'rimenla  and 
elusions,  tlie  a^stiratid  cause  tH  found  not  to  be  tbo 
ono,  wc  must  imagine  othen  and  test  tiu-m  until  tbe  troe 
one  is  diiicove.rcd ;  and  if  wt-  i-xpt-rienw  great  difSculty  in 
finding  it,  we  may  tlien  make  radical  changes  or  even 
tiapliaziud  experiments.  Such  rbnngii'  and  ezperimeoti 
may  also  be  made  wb<?o  any  inscrutable  interference 
ev«n  too  great  harmony  of  effecls  occum;  in  tlio  hiti 
case  because  such  liarmouy  is  eitremely  auspicious,  and'; 
fitroDgly  indicates  an  uniform  error.  Any  circumstance 
ftl»a,  no  matter  bow  small  or  apparently  insignificant  it 
may  be,  which  we  nwet  with  in  a  re«earc!i,  and  whiob  we 
cuiiuot  at  nil  reconcile  with  the  other  circumstances  pre- 
sent, or  with  the  known  principles  of  w-iciice,  i«  always 
worthy  of  tbe  deepest  study  and  investigation,  becaase  it 
often  contaiuB  the  true  explanation^  or  ttUe  an  nnumaloos 
and  therefort-  inip'>rta:it  truth. 

A  supposed  cause  should  always  be  test^.'d  in  as  many 
ways  a8  possible,  and  thooc  couditJonii  selected  which  yield 
the  most  conclusive  result.  We  should  try  (if  we  can)  ihe 
effect  of  preKcnce,  absence,  direction,  and  ({iiantity  of  each 
condition.  Prvviou»  t<>  or  whiUt  varj'ing  the  conditioos 
of  an  experiment  it  is  often  of  sen'ice  to  form  a  wrtttoi 
list  of  the  chief  variations  which  can  bo  mode,  something 
like  the  following,  but  much  more  fully^and  more  adapted 
to  the  special  case : — Change  tbe  forces  employed,  uon- 
sidcriog  each  force  in  succcwion  ;  change  tbe  strength  of 
the  forces ;  vary  their  direction ;  einpl<^  different  aub* 
stances,  considering  tbo  probable  effect  of  different  rliMimi 
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nf  BtitwtnDces,  tutd  of  imJivitluuL  sitbstum'M,  nnd  Kctt'cttng 
th«  mo«L  likely.  Use  difTertint  c|uantitie:i  and  proportioiu 
of  the  substances.  Change  Uie  materiali)  of  the  nppa- 
ratus.  Cooridrr  l!i«  iufluence  of  vwlunit;,  wciglit,  apecitlo 
gnivity,  elaslk-ity,  width,  leu^h,  depth,  thickness,  shape, 
&c.f  of  the  Bubstancf^  employed.  Tiy  Hub«tuiice«  of  dif- 
(cmit  d«{jre<«  of  triiDsparency  to  light,  cnnductivity  for 
heat  and  electricity,  miiornetic  capacity,  solubility  in  uctds, 
Ac.  CoDudurahle  lutsisuuoe  iu  forming  the  li^  may  be 
obtained  by  consulting  the  index  of  a  suitable  book  on 
Bcience. 

In  the«c  procesiWB  it  is  entirely  by  means  of  a  know- 
ledge of  their  effects  that  cftusea  are  discovered.  Th» 
discovery  of  causes  by  Huch  mcuns  is  culled  induction,  and 
con^istM  in  imagining  hypothetical  explanations  of  pheno- 
mena already  known,  including  new  residts  and  ob«icrva- 
tioiiB,  deducing  coniH-queuc(>a  wbicb  muHt  occur  if  those 
explanations  are  true,  and  testing  by  suitable  experiments 
or  observations  whether  those  consequences  reully  take 
pUc«.  In  proving  a  buppii^-d  cauM^  vrm  tnust  be  able  to 
deduce  new  effects,  which  must  follow  if  the  assumed 
cause  be  the  trtie  one. 

One  phenomenon  may  be  invariably  conneot«d  with 
aoother,  either  as  cause  or  effect,  as  a  necessary  condition, 
or  as  a  mere  coincidence  Tn  the  discovery  of  cuuxos  we 
lauRt  remember  that  a  phenomenon  A  may  l>e  related  to 
another  one,  B,  in  several  different  ways  in  different  ca#e«. 
1.  B  miiy  lie  a  direct  residt  of  A  ;  thus  the  (nil  of  a  body 
to  the  earth  is  a  direct  result  of  the  univereal  force  of 
gravity.  2.  B  may  be  an  imliroct  result  of  A,  somo  otiier 
phenomenon  or  intermediate  cause  (jfcrliaps  of  an  obscure 
kind)  intervening  between  them;  thus  I  found  that  if  a 
metallic  ball  was  placed  upon  two  hori^eontsl  rnetul  rails, 
insulated  from  each  other,  and  an  electric  uorreni  passed 
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from  one  nil  through  the  ball  to  the  other,  the  baU 
rotated,  and  ran  round  the  circular  railva;  as  long  as  the 
current  continued.  In  tliiH  ca«c-  the  oleetric  currout  mts 
the  cnuae  of  the  motion,  hut  only  indJrectlv,  ihe  direct  cause 
Ixting  expansion  produced  hy  the  heat  of  electric  oondoc- 
tion-r<>!Mstan(;e.  n»e  current  produced  heat  at  the  points 
of  contiict  of  the  bull  and  rails,  and  the  heat  produced 
expansion  of  thoAo  parta  into  xmall  proininenoL-a,  During 
the  fraction  of  time  required  to  produce  these  effects,  the 
started  liall,  hy  ita  moim^ntum,  moved  forward  a  minut 
distance,  and  thiL^  the  prominenoes  were  alwayK  a  Uti 
behind  the  centre  of  gntvity  of  the  ball,  and  pushed  tbi 
ball  forwards.  3.  The  phenoraeni>u  II  may  ^>c  the  oul; 
direct  nwuit  of  A ;  thi«  is  a  rare  case :  w  4.  It  may  be, 
a!i  cointaonly  occurs,  only  one  of  tlie  direct  nwilt«,  otben 
being  coincident  with  it ;  thus  an  electric  current  passed 
throu;;;h  an  iron  wire  not  only  producer  a  molecular  chon; 
iiouiid,  and  heat  in  the  wire,  but  also  magnetic  intlueni 
around  it.  5.  B  may  be  composed  of  two  portions,  one 
which  is  directly  due  to  A,  and  tlie  other  to  a  second  and 
coincident  cause  A' ;  thus  the  heat  produced  by  burning  a 
jet  of  hydriigtu  is  partly  due  to  the  chemical  union  of  the 
two  suhstanceH,  and  partly  to  the  latent  heat  »et  free 
the  condensation  of  the  product  of  combustion.  6.  Or 
may  Iw  an  effect  (usually  one  of  ft-vt-ral)  of  the  coiubineil 
action  of  two  conditions,  ni>ither  of  which  alone  is  capable 
of  producing  it  in  the  slightest  degree;  thus  a  flame 
applii^d  to  hydrogen  alone  or  to  oxygen  alone  produces  oo 
explosion,  but  if  applied  to  n  mJxttu^  of  the  two,  prcluces 
it.  7-  B  may  also  be  a  re^nilt  of  many  concurring  con- 
ditions, and  docs  not  take  place  in  the  least  degree  unless 
they  arc  all  present.  Instances  of  this  kind  occur  more 
fretiuently  in  the  concrete  sciences  of  animal  life  tlian  in 
the  simpler  ones  relating  to  inorganic  mattvi;  for  in- 
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staaM.  we  kaow  that  cholera  arisei  during  warm  weatJier, 
in  localitiea  where  peslilcntial  vapours  from  tlecuying 
uiimul  matter  abound  ;  but  these  oonditionsi  alone  are  not 
mfficient,  otherwise  that  disoaeo  would  occur  evorj  sum- 
mer in  such  places ;  other  oomlitioii^,  thu  nature  of  which 
is  at  prMwtDt  hut  little  known,  must  also  be  present,  Qood 
ti«»lth  can  only  result  from  many  concurring  conditions. 
And  8,  Finally  tho  two  plii;nomeua,  A  and  H,  may  bo 
merely  coincidences,  and  in  no  way  related  to  each  otbor 
as  cause  and  effect.  Imaginary  cffecbi  I  have  left  out 
of  conndcrat  ion. 

To  ascertain  if  the  assumed  or  suspected  cause  in  the 
teal  one,  wc  mii«t  tv»t  it  by  ui'-auit  of  such  cxpL-rimenta  as 
either  wholly  or  partly  exclude  only  one  condition  (tho 
suspected  one)  at  a  time ;  thus  if  B  id  a  direct  result  of  A 
only  (and  whether  it  i»  or  in  not  aicompimicd  by  other 
efTcctM),  it  will  not  appear  when  A  is  absent.  If  B  is  an 
indirect  result  of  A,  some  other  phenomenon,  A'  (i.e.  the 
tnuncdiuto  wunte)  inter  veiling,  it  will  Ixj  produced  when- 
ever A'  i*  present,  whetiier  A  is  present  or  not ;  thus  I 
found  in  the  case  of  the  rotating  bull,  already  mentioned, 
that  th«  ball  rotated  without  the  use  of  an  electric  cui^ 
rent,  if  it  was  placed  on  a  niassivu  pair  of  red-hot  hori- 
sontal  rails  of  copper,  and  therefore  the  hnrnsdiute  cause 
of  the  motion  in  both  eipeiiments  was  the  expansion  pro- 
di)c«d  by  the  heat.  If  A  is  merely  a  phenomenon  coinci- 
dmt  with  B,  and  both  are  aimultaneous  effects  of  one  or 
more  caufios,  an  experiment  must  be  devised  in  which  B 
alone  is  wholly  or  partly  excluded  or  varied  in  amount ;  if 
the  two  are  only  coincident,  A  will  still  be  produced,  and 
to  the  same  extent.  If  B  is  composed  of  two  portions, 
one  l»eiDg  due  to  A  and  Uie  other  to  A',  it  will  only  partly 
appear  when  A  alone  or  A'  alono  is  absent,  and  not  at  all 
when  both  are  excloded. 
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If  the  phenomenon  is  due  to  th«  ocmcurrenl  avHon  ol 
Mvfjsl  cnnditiom  (and  this  is  a  v&ty  commoD  easel,  th« 
exclnsion  of  all  of  ttK-A-  will  pntirrly  pnrvent  it,  and  thr 
o:K'lu>iion  of  one  or  more  of  them  will  either  pretrent  (i 
wtiolly,  or  alter  Us  form  or  amount. 

Tb«  dctemiiniition  of  the  tnw   effwls  of  pnrliou 
cnuseH  is  accomplished  in  a  similar  manner  to  the  finding 
of  the  cuu«<^it  tbemwJv«s.   We  can  t««t  the  cffcc*.  of  n  ^rta 
cause,  hut  not  the  cause  of  a  given  eSect;  in  the  UtteiHj 
auc  wv  rauHt  fint  conjecture,  or  raise  an  hypothesis  of  a^^ 
probable  cause,  and  then  test  our  conjecture.    Both  the 
problemM  air,   therefore,   solved   in  the  Minu;  way.     As 
the  ditferent  forces  of  nature  act  according  to  more  or  lea* 
different  laws,  essentially  different  causes  must,  under  the 
same  conditions,  prodiioi,-  more  or  lessdiffcrunt  effects ;  hat 
ail,  under  different  conditions,  the  same  effect  may  be  du^^ 
to  different  cauKs,  wv  cannot  saf«lj  infer  that  becanae  w^ 
forci-  A  i*  different  from  a  force  B,  all  th«  irffeds  of  A  are 
difffjrent  from  those  of  It.     From  the  ahsence  of  a  cauw 
we  may  infer  the  absence  of  the  whole  of  its  own  peculiar 
pffectf,  hut  not  uf  thone  .of  its  effects  which  other  cauMC 
also  may  produce.     If  a  cause  or  any  numlier  of  con- 
spiring  causeti  produce,  either  directjy  or  indirectly,  an 
uiTei-t  or  any  number  of  effect",  the  abMOoe  of  the  causes 
will  be  attended  by  non-production  of  all  the  effecta. 

In  some  cases  a  whole  chain  or  aeries  of  phcnomoia 
occur*,  in  which  each  preceding  one  is  a  cause  and  each  sdo- 
ceeding  one  an  efft^t,  and  the  hul  of  the  series  is  as  truly  a 
result  of  the  first  as  the  second  one  is,  but  not.  so  imm»> 
diately  :  for  iiiFlnnco,  the1a«t  nirria^  in  a  railway  Uaio  is 
not  less  certainly  drawn  by  the  engine  than  it  ia  by  ih^J 
carriage  nest  preceding  it.    Generally,  if  t)i«  real  cause  o^M 
causes  of  a  phcnomttnoij  arc  altered  in  amount,  the  quantity     "^ 
of  the  effect  will  also  be  altered.     I>ap«e  of  time  doea  Dot j 
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piTveDt  t)i«  cflV-ct  of  a  caitsv ;  the  motj'in  of  tLc  'wIWcls  of 
a  seven-day  dock  is  as  much  due  to  the  power  imparted  in 
windiug  it  tip  us  i»  tbnt  of  the  wheel  of  one  which  is  wound 
up  every  tventy-foiir  hours.  It  ia,  QererthelesA,  an  inftccu- 
tate  practice  to  think  or  apeak  of  FFmote  causes  or  effects 
aa  if  they  were  immediate,  indirect  0D«8  as  if  thoj  were 
direct,  or  partial  ones  oa  if  they  were  entire ;  and  it  really 
inrolvM  untruthful  or  contmdititory  ideas.  An  acom  \a 
neiUier  tlie  immediate,  direct,  or  entire  can«e  of  au  oak, 
nor  a  rill  of  a  ri\-er;  nor  is  an  idea,  selected  by  iia  dnnng 
our  youth^and  miule  the  ohject  of  desirf,  thi^  immediate, 
direct,  or  entire  cause  of  our  subsequent  succens  or  failttro 
in  life.  A  chain  of  mental  phenometia.  the  first  one  of 
which  i»  w;t  in  motion  by  desire,  often  itiprciuse*  fjreally 
ID  magnitude  and  complexity  as  it  proceeds,  in  conso- 
queucw  i>f  thv  ci'i-operation  of  liberated  forcp*;  and  this 
frequently  liappena  with  an  idea  intoDsified  by  meana  of 
Tolition. 

Coinpdiind  or  concurrent  effects  an  nsually  •eparat^'ly 
detected  and  measured  by  sepandng  the  causes  which 
produce  them.  In  many  cjwtn  alw,  where  the  effect*  are 
from  any  circumstsnc^s  inseparable,  they  may  aliio  fx- 
separat«ly  detected  and  meiuiured  by  meaus  of  the  dif- 
feivnt,  furth«r,  or  less  immediate  effeclti  whicli  they 
tbemaelves  produce.  But  when  neither  of  these  plana  of 
dfflbrent  manipulation  are  pcwsiblp,  wc  mu«t  explain  the 
resulu  by  an  indirect  method  by  inference.' 

Quttutitstive  dotenninatian»  help  us  greatly  in  dift> 
covering  the  cauwe-ji  and  effects  of  things ;  and  many  causes 
cannot  be  found  without  such  assistance.  Id  physical  and 
chemical  rnsoarch,  wo  continually  rei|inro to  moasurecauses 
aod  eOectA.     No  kind  of  effect  can  exiHt  without  at  the 
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^^       Eome  tiiDO  being  n  d«fia(t«  qmntitj'.     Effect*  vary 
I  uinoimt  with  their  caiues ;  for  instance,  the  diffcreao* 

I  level  of  the  mercurv  in  h  baromotia'  diminishes  us  the 

I  pretsuru  of  the  nir  tipon  the  Dtcrcury  heuoRUsA  lera.     The 

L  greatuew  ef  an  effect  proves  the  greatneae  of  ita  real  caiue. 

^B  We  Dever  know  that  wv  have  fcpund  the  entire  cause  oc 
^^  effect  tinlil  we  can  shuw  an  equivalent  of  the  one  for  esdi 
equivalent  of  the  other;  for  instance,  io  a  cbenucal 
anaJyaiii  we  cannot  he  certain  that  w«  have  foancl  all 
the  constituents  of  a  compound  until  we  have  adequately 
account<^  for  the  entire  weight  of  Hulwtaooe  takf^a  for  the 
analysis.  When  several  causea  conspire  to  produce  an 
effect,  the  ^itluc  of  e»c))  HhouM  be  separatoly  and  definitely 
measured  by  excluding;  one  at  a  time.  Many  residual 
phenomena  have  bc4-n  discovered  by  this  method;  lor 
inKtant'i^,  the  planet  Neptune  wa*  fmind  by  meanit  of 
prior  oliaervatjon  of  a  residuary  disturbanoe  of  Uranui, 

'  lu  Sir  Humphry  Davy's  experiment*  upon  the 
position  of  water  by  galvanism,  it  watt  found  tltat  bosidt* 
the  two  components  of  water,  oxygen  and  hydrogen,  an 


loa;   tor 
in»  of  ^J 

inui.     H 
deoom^l 


acid  and  alkali  were  dcvelupiHl  at  the  two  opposite  poles  o|fl 
the  machine.  As  the  theory  of  the  analysis  of  wat^-r  di^^ 
not  give  reaiion  to  expect  these  [mMlucte,  tboy  were  a 
residual  phenommon,  the  caii.<e  of  which  was  ntill  to  be 
found,  Some  chemists  thought  that  electricity  bad  the 
power  of  produci/ng  thejse  sulwtances  of  itself;  and  if  their 
erroneous  conjecture  had  been  adopted,  Rucceeding  re- 
searches would  Lave  gone  upon  a  Mse  scent,  consideiing 
galvanicweleotridty  as  a  protUumg  tatlicr  than  a  <2wofn- 
poein'j  force.  The  happier  tnaight  of  Davy  conjectured 
that  there  might  be  ."ome  hidden  caufio  of  this  portion  of 
the  effect ;  the  glass  containing  the  wat«r  might  soffet 
partial  decum position,  or  some  foreign  matter  might 
mingled  with  the  water,  and  the  acid  and  alkali  be  di: 
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engaged  from  it,  so  thai  the  watt-r  would  have  no  share  in 
tbeir  proiiuctioii.  Assuming  lbi:<,  he  pri)wi.«lM  to  try 
whether  the  total  removal  of  the  cause  would  destroy  tll« 
effect,  or  nt  k-a^t  tiiv  dimiiiiilion  of  it  catiw?  u  corn«ponding 
cbtttigv  in  the  amount  of  effect  produced.  By  Ihe  sub- 
stitution of  gold  vcesels  for  the  glass  without  any  ohaiig« 
in  the  eff<-ct,  he  at  onoe  determined  that  th«  ghag  wa$  not 
the  cauiKT.  Employing  distilled  water,  h«  found  a  mai^ftd 
diminution  of  the  quantity  of  acid  and  alkali  evolved ;  y«t 
there  was  enough  to  show  that  the  cause,  whatevf  r  it  vnu, 
vaa  Btill  in  operation.  Thv  impurity  of  the  water  then  was 
QOt  the  aol«i  hut  a  concurrent  cause.  He  now  concvirod 
that  the  perspiration  from  thu  hands  touching  the  instru- 
tncntt)  might  u£r>.-ct  the  ease,  m  it  would  (.■oiitaiu  common 
■alt,  and  an  acid  and  an  alkali  wotdd  result  from  iu 
decomposition  under  the  agt^nvy  of  electricity.  By  care- 
fully avoiding  stich  contact,  he  reduced  the  quantity  of  the 
prodnetji  still  further,  until  no  more  than  slight  traces  of 
tbem  wcri!  perc-ptible.  What  remHitied  of  tins  (rfftct 
might  Ite  traL-eable  to  impurities  of  tlie  atmosphere,  de- 
oomposed  by  contact  with  th«  vlectrictil  iippnnttus.  An 
expL-ritncnt  dett^nnined  this ;  the  machine  was  placed 
under  an  exhauster  receiver,  and  when  thus  secured  from 
atmospheric  iullucnoe,  it  no  longer  evolved  the  acid  and 
alkali.' 

'  An:}MtiiripT\it>auon,0iatinti/t\»Lait*qfnoiigkt,p.2tS,  See 
abo  (Tlinp.  XXXVI.  p.  sa&. 

Bespcciiu);  tbe  tamo  oziwrlaicnts,  Pr.  Thonuum.  in  hit  Ifiitiay  of 
dffiitrf,  p.  S60,  uiy* :  *  Ii  wna  lit*  cclpbuiictl  fiupi-r  on  some  Chi'inlcal 
Ak»>oU«  o(  Bleci  ncilj.  icicticil  in  tbe  I'liilnuiphiMl  Tramailioiu  to 
IB07,  tliM  laid  the  foandntiDa  of  llie  Liicii  to|iuiftliou  widcli  lie  so 
dnorradlf  bcqniivd.  I  cotisidcr  thl*  papar  not  nii>i«l;  lu  lh«i  IioM  of 
■11  hb  own  pToiluctSutis,  bnt  k»  tho  tincat  luul  mtaplcti^it  (pccimcu  of 
[ttdnclire  retUOtiiiiK  which  appnnrcd  duriDg  the  age  io  nhicb  be  livod. 
It  bnd  beoK  atreaUy  obaorvcd,  that  wboa  twu  plwtiiiua  wiiei  fiwii  llio 
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If  two  conoectcd  phenomcnn  go  tlirotif^  the  eame  or 
similar  wries  of  quantitative  changes  at  th«  Baine  time:, 
tlie  one  is  probably  rel&tod  to  th«  other  as  cause  and  effect 
or  as  coiucitU'iit  t^lfircts  of  tlie  Kime  c»ii»<.^;  for  iiii<t«nc«|_ 
the  niujitier  and  magnitude  of  gpot«<m  the  sim  and  the  i^^^ 
tensitif  of  ti-iTc-Hiriul  mu|TDctinn  exhibit  eiicli  changes.  In 
many  casee,  a  quantitative  effect  is  the  renilt  of  two  cauM* 
acting  oppositely.  In  investigating  a  pbyricsl  or  cbemicsl 
phenomenon,  we  nboiiM  try  to  discover  not  only  the  causi!, 
but  also  the  kind  and  direction  of  the  effect,  the  quanti- 
tutive  propartiou  of  one  t«  the  other,  and  Ihv  law  of  tiieir 
quantitative  variation.' 

In  miiny  cuec§,  the  effect  to  be  diacoTered  is  so  gmall 
in  comjiarison  with  the  magnitude  of  the  interfering  cir- 
ciunstantes,  which  cannot  be  separated,  that  it  cannot  be 
detected  at  all  by  means  of  a  single  obsen'ation,  and  i 


two  poles  eS  a  g&lnuiio  pik  ure  plos^  eoch  into  a  tcmmI  of 
and  (lie  two  tomuIb  uniti^d  by  mnans  of  wrt  ubestos,  or  najr  mbu  I 
dncliD);  «oli*lanco.  »n  iwid  !iii|j«uri>d  rooiid  the  poailivo  wir«.  and 
aVtati  lauiiA  ihc  neitntivti  wire.  Tlie  alkali  wu  mid  hj  aotav  to  W 
tnda,  hj  oilier*  to  be  aitmwmn.  Tlio  scld  wa«  ruiiMij  vlntrd  <o  be 
nitric  afid,  tniiHoMe  octd,  or  oven  fht^Ha.  Vxtj  dtmoiMmtpiL,  b; 
deoiiive  cxpcrimi'Dl*,  tliat  in  all  oum  tiic  ncid  nnd  alkali  aru  deri%«<] 
tima  (lie  deoompostiiua  o(  •one  mlt  ooatainn)  cither  tn  Uio  tr»i«c  or 
Id  lht<  T«nHl  coiitalnlBX  tlie  water.  Uwt  comnonly  ibe  tBli  daoam- 
poMil  U  c>imiii^>n  xali,  Imcaum  It  oxiMs  !d  wntev,  and  in  agaio,  hoMlt, 
and  i-nr!oii9  oOirt  alnn}"  Imdin*  wtiicli  he  •mpiojtd  ■•  romela.  Wlrcn 
the  Runc  ngalr-flDp  wm  ntnl  in  luiicawlTA  Mtperimoni «,  tlie  qiuuiLitj 
of  ncid  and  nlliAli  cvolTcd  diminished  oanli  tima,  arid  at  la»i  no  appr^ 
cial>li<  qiiHuliif  ouuld  be  porwiivd.  Wlicn  gtam  TcaNl*  wcrv  deed, 
soda  wa«  diMoiitntcixl  at  tliu  esjieDiio  of  the  K^Wi,  vhtch  «-»  ■■inalMj 
comidvd.  VhRO  Iha  water  Into  whldi  tlie  wires  wen  dip{«d  was  pv 
fgcTlf  pore,  and  when  the  rcjuml  onlHtiiin^  il  was  tree  trgm  cterj 
tnuE  vl  aal'mv  nialtcr,  no  odd  or  nILall  i>iad«  1u  at^ieannce,  and 
aothiag  w>a  evolved  i.-zoei-l  the  coQiliiiicnii  o(  wnttrr,  MMfilr,  uzj^cn 
and  brdre^e,  tlio  oxvg«ii  apptaring  round  the  poaitlvB  wltv,  and 
bjdic^b  Tonnd  the  Duj^alive  wir«.* 

'  Sm  also  !>.  4S1. 
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TOch  a  ease  the  desired  result  in  obtained  by  the  method 
of  meant  or  averaf^ ;  this  mvthod  equalises  nU  irrejpilar 
or  accidental  changes,  and  thus  enables  the  regular  onei 
to  lie  perceived.  It  is  very  largely  employed  io  meteoro- 
logical inv»tij^itioii«,  tfi  dftcriniiie  t)ie  average  bct^lit  of 
the  mercury  in  a  barometer,  the  average  temperature  of 
the  earth,  or  velocity  of  the  wind,  the  changes  of  magnet- 
ism, &C.,  at  any  period  ;  also  to  find  the  t^ue  sea-level  or 
height  of  tide,  and  so  on.  In  this  way,  quantitatire  de- 
terminations olV-n  enablft  iim  tn  diReov^r  a  cause,  or  an 
effect,  and  its  amount  at  the  same  time.' 


CHAPTER  XLVII. 


DISCOVBBT  OK  STATIC  COSDITIOSS. 


r  Stitic  conditions  are  essentially  of  greater  importance 
I  than  dynamic  ones,  and  the  minuti^  circiimMtaiicc  which 
i-scit<--s,  liberates,  deturmines,  transmutes,  directs,  and 
guides  a  force,  is  often  more  influential  (especially  whenJ 
aided  by  time)  than  tlie  f<irce  itself.  This  great  truth  is 
manifeiAed  in  every  science  and  branch  of  knowledge.  In 
the  science  of  hv&U  unless  the  fire  of  a  locomotive  be 
exci(*N^l  by  apjilying  a  match,  no  steam  will  be  generated  ; 
in  that  of  mechanical  power,  unless  the  valve  of  theengioe 
iM  open,  to  liliornte  stf-am  from  the  Irailer  into  the  cylindem, 
so  motion  occurs ;  and  upon  a  railway,  unless  the  points 
of  the  rails  aio  properly  placed,  an  accident  soon  occurs; 
in  that  of  electricity,  unless  a  telegraphic  circuit  through- 
out is  complete,  no  mcHB.^ge  can  be  sent.  In  the  sciences  of  J 
phj'siology  and  psychology  also  the  same  trutli  appears ; 

<  See  alio  iMgv  4SS, 
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men  must  be  uclive  whether  ihey  are  villing  or  not, 
tlic  gri»t  prublem  of  )ite  is  uot  to  much  liuwr  to  escroise 
greatest  physical  nc-tivJty  or  mental  cnUiiituajtm,  u  liow  to 
properly  vxctt*',  transmute  aod  direct  thai  activity.  The 
nioef  Godiike  MUty  ia  not  nwre  activitif,  biU  a  Tational 
use  o/  it  i  and  a  prop<trly  directed  Ixxiy  and  miod  i«  fcr 
more  important  than  physical  power,  or  unregulated  mental 
action.  Unrcfj^datoil  liunmii  pr>ii'i.T  ia  oflon  dan^rous,  and 
abiindiknct^  of  i^xample^  of  the  evil  effects  of  it  may  bewot 
iQ  the  reoorde  of  crimo,  in  sectarian  and  political  atritr, 
ant]  in  lunatic  a-iylrnna.  A  steam-boiler  without  a  valve,  a 
steam-engine  without  a  governor  or  fly-wheel  (o  refpilai 
Uict  speed,  is  a  mott  dang(^roii8  instrumetit',  and  equally 
are  tbe  actions  of  men  when  not  regnUt^-d  by  know 
and  thi?  powers  of  comparison  and  inference. 

The  great  effect  of  minute  static  conditions  is  mani 
in  a  large  variety  and  number  of  phenomena  in  evei^ 
sdenco  without  exception.  Tor  instance,  the  very  smallest 
proportion  of  fort^ign  substances  dissolved  in  water  grcatlj 
tttiectg  the  plienoiiieuu  of  osmose,  '  pedesis,'  and  eleotrie 
oonduction  resistance  of  that  li<)iud ;  tlie  electric  coodu^ 
tibility  of  copper  i»  grt^tly  diminished  by  a  minute  trace 
of  arsenic  in  that  metal;  and  that  of  alcohol  is  con- 
spicuously afTect«d  by  the  most  minute  traces  of  various 
dissolved  substances.  A  minute  proportion  of  tin  also 
considerably  diminishes  tlie  ductility  of  gold. 

ConditioQsareofvariouski  [Ills,  and  may  bo  conveniently 
divided  into  real  and  apparent,  immediate  and  remote, 
eif^ntial  and  non-«:<Heutial,  tu-eidental,  absorbing,  exciting, 
releasing,  transmuting,  detWting,  guiding,  limiting,  acce- 
lerating, ueutral,  obj-truttive,  preventive,  Ac  Thow  which 
are  non-easential,  accidental  or  neutral,  I  class  under  tlte 
separate  head  of  coincidences  for  the  sake  of  convvnioncc 
of  troutment,  and  beoause  tbey  are  merely  accompanimeuU 
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and  take  no  iral  pnrt  in  producing  the  fiffect.  Conditifinn, 
like  causes,  mny  jUhh  l<e  classcil  in  a  more  ecientitic  manner, 
aocortlinf;  io  the  various  sciencon  to  which  th*y  belonf;, 
and  which  will  prolxiljly  he  their  classificatioQ  when  know- 
ledge liii*  Niifficiently  advanced  ;  thus  we  may  huv^.-  condi- 
tions of  time  and  apace,  mathentatical  and  geometrical 
oonditi'>iin  of  thft  masses,  iiiolwcidwj',  and  utomtt,  stjitic  and 
dynamic  mechanical  coDtlitiona  of  the  itame,  tJiermie,  opttc, 
eloctrio,  miignetic,  dicmical,  vital,  psychical  conditions, 
&c,  of  them  ;  and  all  the  ftuhdiviMonw  of  tht-tto. 

A  real  condition  is  one  which  is  indinpenaahle  to  the 
prodtu-tion  of  the  effect  in  the  particular  instance ;  it.  is 
often  more  fundamental  and  compi-ehenaive  than  the 
oorreeponding  apparent  one,  Ix-catiso  it  agrees  with  the 
exceptional  oaaes,  whilst  the  apparent  one  doc#  not.  An 
apparent  conditimi  is  one  which  appears  to  agree  with  all 
the  pi  11^  Hi  tint- na,  but  which,  on  deeper  or  more  fxlcrmive 
examination,  faibi  generally  or  in  certain  oases ;  thus 
Ampere's  theory  that  magnetism  ^s  due  to  innumerable 
electric  currents  continually  flowing  in  one  uniform  dirwo- . 
tion  round  the  molecules  of  tho  iron,  agrees  admirably 
with  all  the  phenomena  of  electro-magnetic  attraction, 
repulsion,  and  motion,  hut  is  defective,  because  there  is 
no  known  iuKtjiuce  of  electric  currents  being  maintuint^^l 
without  a  continual  consumption  of  power  and  evolution 
of  beat ;  but  in  magiJetm  there  is  no  such  source  of  power, 
and  no  evolution  of  heat.  An  essential  condition  i»  one 
without  which  the  effect  cannot  bo  produced  even  in  the 
anoUcitt  dcgree- 

A  releasing  or  exciting  condition  is  one  which  enableaj 
a  latent  force  to  become  free,  and  excites  it  to  opcrul4; ; 
it  take*  only  an  apparent  and  not  any  real  part  in  pro- 
ducing the  effect  due  to  the  liberated  force.     Its  action 
is  essentially  distinct :  for  instance,  frictioa  excit«s  and 
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relenses  the  pent-up  power  in  a  match ;  taps  and  cocks, 
pendiilumfl  of  clocksi,  abo,  are  releaBing  conditions  of 
mechamca)  power ;  a  certain  temperature  is  a  rvlf-asiag 
cuiiditioD  of  Utent  heat  in  the  freezing  of  water,  but  tlte 
lowering  of  temperature  of  the  water,  and  the  eudden 
evolution  of  latvut  heat,  are  two  e-sttttntially  different 
Ihinga;  aimilarlf,  raising  the  temperature  of  *explosire 
antimony'  tu  its  ditwharging  point,  and  tlie  sudden  vvo1h> 
tlon  of  heat,  are  each  distinct  phenomena.  Even  at  ordi- 
nary temperatures  some  substances  unite  cliemicall;,  and 
evolve  heat,  when  brought  iuto  mutual  contact ;  phos- 
phorus and  iodiue,  for  example ;  also  arsenic  and  chlorine ; 
nud  ill  oUch  of  these  eaues  a  certain  range  of  tcmpcratui« 
acts  a^  a  releasing  and  exciting  condition.  Now  it  cannot 
lie  that  free  heat  is  required  in  either  csae,  betnuse  beat  i 
evolvi^  liy  the  action,  and  what  Uie  temjierature  doe* 
quite  a  different  thing  from  supplying  heat.  The  hiuuan 
will  Li  probdbly  a  retiliiing  condition.  Whether  a  force 
chall  lie  liberated  and  become  active  or  not,  dejKmdit  both 
upon  the  preeenee  of  gome  releasing  condition  and  npon 
the  ubceuce  of  all  tho!<e  which  are  preventive.  Some 
releasing  conditions  are  self-acting,  such  as  ball-eoclu,^^ 
overflow  dams  itud  syphons,  and  other  contrivances.  ^M 

Transmuting  eotidltionit  are  highly  important,  espe-^^ 
cially  those  which  cause  one  form  of  energy  to  be  chsogcd 
into  anoth^T.  U  would  be  a  great  advance  made  in  science 
to  discover  the  geometric  and  mechanical  conditions  of  the 
mok^ules  wbieh  determine  the  change  of  refraugibilitj 
of  light  and  of  heat,  of  the  ohange  of  htyit  into  electricity,. 
electricity  into  chemical  power,  &c.  i£c.  In  each  of 
ch  ojLsi'S  ihfre  must  exist  a  condition  (or  condition*) 
which  determines  the  change,  and  that  condition  must  be 
of  a  fundameutal  character.  In  the  absence  of  transmw 
conditions  and  of  preventive   ones,  similar  causes  tmis' 
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uoc  «imiliur  cSuctit ;  but  wc  know  that  in  n  great 
variety  and  number  of  cases  similar  causes  produce  di»- 
sitnilar  or  even  oppogit«  effects,  and  therefore  the  sphere 
of  iutltionce  of  tranxiiiuting  conditifma  in  a  very  ^eat  one. 

A  detcrmtuio^,  deflecting,  or  guiding  eoudition  is  one 
which  (it-cidr-,!  thi?  kind  or  direction  of  elTcct  wliich  an 
antive  force  produces:  tor  instance,  railway  point*  de- 
termiuu  th«  dirci-tioa  Ju  which  a  triiiii  nlmll  proceed, 
telegraphic  switches  determine  that  in  which  a  message 
shall  1^  KODt ;  roflttctors,  lenses,  and  prisiius  din-ct  the 
couri«(-  of  r.-iya  of  light;  conductiog  wirett  determine  the 
course  of  an  electric  cmreat,  &c.  iSc  Carbon  and  oxygen 
imitu  tofj<-lhcr  chfioically  at  a  red  beat-,  because  tho  de- 
tcrminiiij^  or  guiding  condition  (consisting  probably  of 
suitable  rcliitivc  molecular  »tittes  of  the  two  substances)  it 
prene.iil  ;  but  carbon  and  chlorine  will  not  chemically 
unite  at  any  tempei-ature,  because  such  a  determining 
Gundilion  h  not  pre«i-iit.  When  a  force  is  active.  It 
always  produces  some  effect,  and  the  effect  it  produces  is 
usually  more  or  less  different  iu  different  cases :  thus,  heat 
applied  to  ice,  melts  it ;  to  water,  convt-rts  it  into  a 
vapour  ;  to  steam,  enlarges  its  bulk ;  to  a  thermo-electric 
pile,  producer  au  electric  current ;  to  a  magnet,  destroys 
it8  magnetism  i  to  oxide  of  silver,  decomposes  it ;  to  a 
mixture  of  oxygen  and  hydrogen,  cauKt^s  them  to  com- 
bine, and  produce  an  esploaion  ;  and  so  on.  And,  under 
different  determining  conditiouH,  even  opposite  effwt*  arc 
sometimes  due  to  the  same  cause :  for  instance,  a  ball  of 
iron  sinks  in  water,  but  rises  iu  mercury  by  the  attraetiw 
force  of  grarity.  Not  only  does  the  same  cause  produce 
djffereut.  and  even  opposite  eB'ect^  under  tho  guidance  of 
different  couditiouit,  but  different  causes  sometimes  pro- 
duce the  same  effect :    for  iuKtauce,  an  electric  current 

y  be  produced  by  meanit  of  friction  in  an  ordinaiy 
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electric  machine,   hy  niecliftnical  action    in  a  magneto-^ 
electric  mnvlitiie,  by  livat  in  a  thermo-eloctiic  pile,  or  l>y^| 
ehemical  action  in  a  voltaic  battery.    But  notwitlmtanding" 
tbu,  at  the  stme  cauite,  acting  under  the  same  contlitiopg,  ^ 
alway»  pnxliiccit  the  »anift  efTi»ct,  it  it  evident  that  tlwfl 
relation  of  each  gliding  condition  to  each  force  is  of  a  " 
moHt  fixed  mid  definite  character.     An  <-xcitii)g  or  defloct- 
ing  condition  often  requirea  little  or  no  exfxsidituie  of 
power;  a  mechanical  force  acting  at  ri<;h(  anf^lcrs  npoii  a 
moving  body  does  hut  little  actual  work,  although  it  greatly 
&lt«TS  the  direction  of  the  linal  effect.     A  deSecting  con- 
dition in  often  a  miircc  vf  «  rcMidiial  cffwt,  and  rraidoal 
phenomena  frequently  arise  from  minute  statical  conditioob 
I14  every  active  pliysictil  or  chemical  phenomenon  tbe 
effect  ia  itself  caused  by  an  exertion  <)f  power ;  but   the 
kind  of  effect  appears  to  be  determined  by  the  species  of 
energy  exerted,  the  kind  of  siibtitanoe  upon  which  it  setA, 
id  tJie  surrounding  conditions ;  i.«.  tbe  force  causes  tbe 
Feot  and  partly  determines  itx  kind,  but  the  mbstance 
and  its  conditions  only  partly  determine  tbe  Utter.     In 
copies  of  the  conversion  of  one  phyiiical  (bros  into  anothc 
there  appear  to  be  two  chief  ciroiimsitancei,  vii.,  the  tn: 
cause  and  a  guiding  condition :  for  instance,  in  thenno- 
clect  ric  action,  b«rtt  i*  the  true  cause,  «tiit«ble  nclat  ivc  mol 
ciilar  states  of  the  two  sabstaoccs  is  the  guiding  c<inditi<: 
and  current  electricity  is  tbe  effect.     In  magneto-electric 
action,  nii^chiiniad  )Miw<^r  i»  ui^imlly  the  cause,  magnetic 
slate  is  tbe  guiding  condition,  and  dynamic  electricitj 
effect. 

Guiding  condition*  are  extremely  mimerofts, 
effects  differ  with  every  different  force ;  the  effect 
feroe  upon   substance?   differs  with   every  different  sulh 
stance,  and  with  the  same  tnilulnnce  in  each  of  it*  diffi 
Diolecular   states,  and    at    ereiy   different   temperatore 
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nbrl  u  tliere  are  varioua  forces,  and  an  almost  tinlimiti-d 
number  of  diffbrent  subetanceii,  and  an  almost  intiDile 
Miies  of  tfmperat  tires,  llie  «fToct«  of  guiding  ooiiditionii 
are  numberlees. 

A  limitiii){  or  reflating  conditioii  is  one  wMcb  deter- 
mines tite  limit  of  effect   in    the  particular  case :     for 
instaoce,  tape,  cocks,  and  valves  limit  tbe  beiglit  and  flow 
of  mtcr,  thu  exit  of  at«uiii,  &o, ;   thi-  goveruor  aiid  fly- 
wheel of  an  engine  limit  and  regulate  the  velocity.     The 
atomic  wviglits  of  tho  elrmoiitury  i^ubstwuves  are  limit)n^.J 
condition!*  of  the  proportions  in  whicli  thooo  Kultstsncel'j 
can  chemically  combine  ;   the  degree  of  atmospheric  pre»^j 
sure   is  a   limiting   condition   of    th(>  boiling-points 
liquids ;  and  so  on.     All  nat  iiml  phenomena  luxi  limited ' 
in  magnitude  by  one  at  least  of  tlie  conditions  present: 
a  chain  i*  do  rtnmgcr  tlinn  its  ivw»k«»t  link ;  aluo,  whcU' 
a  force  produce-i  an  elTt-ct,  it  always  produces  different 
degrees  of  tiiat  effect  in  different  coses ;  and  this  difference 
of  degree  depen'Is  not  only  upon  the  intensity  and  amount 
of  energy,  but  also  upon  tbe  extent  to  which  the  limiting 
oonditions  allow  ft  to  operate. 

An  obstructive  condition  oonfdst«  eitlier  of  an  opponnjf 
cause  or  u  static  reaistlDg  condition  (sncb  as  inertia  of  the 
naaa  or  of  the  molecules),  which  retards  or  partly  pr»- 
renbt  an  effect.  The  presence  of  arsenic  in  a  copper  teJe-  j 
graph  wire  i^  an  obHtrnctivu  condition  to  tbe  peusage 
of  an  electric  current.  A  permitting  condition  it  (ha 
reverse  of  a  preventive  one;  absence  of  moisture  la  a 
pennitting  condition,  its  presence  a  preventive  one,  and 
a  high  tempcruturo  an  accelerating  one,  of  combustion  i 
■ubstaooes  bum  more  rapidly  if  tlic-y  are  previously  dried 
and  heated.  A  very  low  temperature  is,  on  tlu^  other 
hand,  nearly  always  n  preventive  of  chemical  union.  A 
preventive  condition  is  one  whicli  is  incompatible  with  the 
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ezercuc  of  tho  individuril  force  id  tliv  partj«ul«r  maniK 
ait  n  non-<^ondiictor  of  electricity  prevents  an  electric 
ri'ut,  or  ns  absence  of  coutact  prevents  ctivinicji!  ncUoo; 
Kuch  a  condiUou  miiy  nho  vun^ai  of  an  ci^uivaleQt  oppof ' 
iag  e&nse.     Tbat  which  is  an  obstructive  or  preveataTe 
condition  of  one  efiect  must  of  uocwssily  be  au  feidingor 
permitting  one  of  an  effect  of  a  coatraiy  kind. 

To  produce  a  given  dynamic  physical  or  cbcmicai 
effect,  theru  is  required — iKt,  a  source  of  physical  or  che- 
mical power ;  2nd,  a  releasing  or  exciting  condition  of  th« 
force ;  3rd,  a  determining  or  guiding  condition  to  dinsct 
the  power;  4th,  a  limiting  or  regulating  condition  to  de- 
termine and  regidate  the  amount  of  effect ;  and  5th,  tlio 
abtieiice  of  obstructive  and  of  all  pntventtve  conditions* 
The  limiting  condition  ia  usually  either  the  amount  of 
avftilabb-  force  or  the  limit  of  action  of  the  pruveutive  or 
obstructive  conditions. 

Under  every  change  of  condition  new  effect«  enme^ 
even  thoii<|b  we  do  not  perceive  them;  8ub«taDcc8  re- 
arrange their  atoms  or  molecules,  and  either  expand,  aod 
if  compound  are  (lecomjKised  and  M!piijat«d  into  their 
ooDstituents,  or  a  converse  change  occurs — the  subetanoei 
contract,  simple  ones  unite  to  form  compounds,  and  com- 
pounds differentiate  into  complex  stniottires ;  alao,  eltber 
ncvural  forces  concur  in  their  action  and  are  converted  inb 
one,  or  one  force  in  the  latent  8tat«  U  set  free  sad 
verted  into  several  others. 

Stutii^'  couditioiiB  bciug  often  of  a  more  fundamental  i 
obscure  character,  are  also  often  more  difficult  to  diwoi 
than  dyujunic  causes.  The  discovery  of  a  general  st 
rel.-itiun  ix-lween  two  foruui  of  energy  is  very  impurtoatl 
*  When  we  6nd  out  an  idea,  by  the  intervention  of  which 
wo  discover  tbe  connection  of  two  others,  this  is  a  rerelfr- 
tion  of  God  to  us  by  the  voice  of  reason.'    '  Newtooi 
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ing  out  intenniidiMto  idoui  tliat  showed  tbi^-  ngreenutnt  or 
disagrtwment  of  the  ideaa  as  expn-Mcd  in  the  propojitioD 
li«  demoiutnitcd,'  wa»  '  led  into  the  truth  and  certainty  of 
those  proposition «.'  A  rcsil  xtatio  4-oiiditii>D  in  discovered 
by  the  »me  methods  as  tho^e  employed  in  the  discovery  of 
oaums ;  ail  apparent  one  is  detected  by  its  non-flgredineut 
with  one  or  more  varied  iuritances  of  a  phenomenon;  a 
TclL-asiu^  or  exciting  condition  may  be  diatinguiEh^l  irom 
a  camn  by  it«  non-proportionality  to  the  effect,  whiUt  it 
IB  at  the  same  time  an  inseparable  and  indispensable  con- 
comitant; a  t,'iiidiiig  oni!  muy  bo  known  by  its  cbangu  for 
another  being  attended  by  a  change  either  in  the  kind  or 
d«grw  of  the  effect. 

Tlie  discovery  of  gwiding  conditions  18  often  moru  diffi- 
cult than  tliat  of  causes,  because  in  a  multitude  of  cases  it 
■■ni^^^  bidden  static  molecular  arraugement,  whilitt  a 
^^HBH^1>e  a  viaible  tuechauieal  motion  ;  it  is  aliio  fre- 
quently of  greater  importance,  because  a  knowledge  of 
guiding  conditiouB  would  in  many  cases  t'Uablc  lu  to  place 
pbjBical  and  chemical  phenomena  upon  a  geometrical 
UOlecuUr  basis.  At  present  we  know  but  little  of  the 
ftatical  molecular  conditions  of  physical  or  chemical 
nctioDt.  or  of  what  is  termed  the  '  internal  rceistance  *  of 
substanceis  which  bo  largely  det«muDes  the  kind  and 
degree  of  effect  of  the  physical  and  chemical  forces  in 
different  cases.  Before  we  can  essentially  (not  to  aay 
completdy)  explain  a  dynamic  phenomenon,  we  require  to 
discover  not  only  the  true  cause  but  also  the  true  guiding 
conditions  which  determine  in  what  mauuur  and  to  what 
ext«nt  that  cause  operates. 

A  limiting  or  an  otistmctive  condition  may  be  found 
by  the  variation  of  its  degree  being  attended  by  a  varia> 
lion  of  that  of  the  effect  within  certain  Umits,  whilst  the 
amount  of  tliu  cause  remains  constant ;  and  a  preventive 
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one  may  bo  dwtiDguiBhod  by  Hf  inlrodudion  (all  otke^^ 
conditioDH  reinainiDj;  the  itame)  being  attended  by  a  ttrial 
cessation  of  the  effect. 

Itt  tb(!  cli«crovcry  of  static  condition*,  as  well  »»  in  tfaa 
of  dynamic   causes,   we  often   meet  with   circumsta 
wbich  cannot  be  Blti^rud  or  removed  nt  all,  and  otbe 
which  can  only  be  altered  by  changing  several  at  the  i 
time ;   in  each  of  thvim  uueti  wv  j>rocoed  u«  in  tli«  i 
covery  of  cauitea. 


CHAPTER  XLVIII. 
DI3C0TSBT  or  COIBamSCKS. 


Befobb  we  can  completely  explain  a  phenomenoa 
retjutre  not  only  to  liud  it»  tniv  cause^  iU  chief  relation 
to  other  causes,  and  all  the  conditions  which  dett^nniue 
how  the  catisc  opcrut««,  and  what  its  effect  and  amount 
of  effect  uTr,  hut  also  all  the  (NiincidencMu  Kt^fora  we 
can  detennine  tho  cause  of  an  effect,  we  unially  require 
to  know  what  are  the  coiuoidcneos.  By  a  coincidence  i* 
meant  any  circumstance  which,  although  oocurriug  with 
or  immediately  Wfore  a  phenomenon,  is  not  at  all  Dece*- 
saTy  to  its  production  or  exii(t<'nc« ;  for  example,  gold  ti 
bea%7  and  yellow,  but  its  yellowneaa  is  not  a  cause  or  an 
ewential  condition  of  its  heaviness,  although  iinually  oe- 
curring  with  it.  UarkneAs  also  invariably  precedes,  aod  a 
somewhat  higher  temperature  tiaually  accompanies,  day 
light ;  but  neither  lei  a  catuc  or  a  ne«.'«tary  condition  of 
it,  for  we  know  that  the  relative  position  of  the  sua  to  a 
particular  part  of  the  earth  is  the  cause  of  each.  A  ooiD* 
cidenoe  ii  an  independent  circumntanoe. 

All  the  immediate  conditions  of  an  effect  are  cihic 
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tant  oirciimfitAnc«e  of  that  effect ;  and  ftoj  condition,  ex- 
cept a  preventive  one,  may  bu  a  concomitant  circumstance. 
All  tliu  properties  of  a  body,  and  many  of  Llm  efTects  of 
those  prwpertie«,  must  always  co-exiat  with  the  body,  and 
be  present  in  all  static  and  dynamic  phtiiiomcna  in  which 
the  body  itself  is  presftnt  or  takea  a  part,  and  therefore 
form  either  necessary  or  mere  coincident  circumstances  in 
all  Hurh  phenomena.  Also  in  any  case  where  one  force  pro- 
daoea  two  or  more  effects  in  a  single  Hubstancs,  or  where 
two  or  more  forces  are  inflcparable  and  act  together,  coin- 
cideocei  are  likely  to  occur.  For  instance,  as  the  influ- 
ence of  gravity  is  always  acting  thronghuul  all  iipacc,  and 
cuuiot  In;  excluded,  its  effects  must  be  ooincidaut  with 
those  of  all  other  forces  iu  every  iuiitanctt.  The  effects  of 
magnetiem  an<l  of  an  electric  current  are  also  frequently 
ooincident,  because  the  latter  force  cuunot  exist  without 
the  former  accompanying  it. 

In  consequence  of  the  number  of  forms  of  enerf;y  con- 
tinually operating];;  and  of  the  action  of  a  single  force 
only  upon  a  Mingle  substance  producing  simultam.'oudy 
many  eflecU ; '  and  in  couscqucuce  also  of  the  almost  infi- 
nite number  of  phenomena  continually  occurring  through- 
out all  apace,  many  phenomena  must  exist  at  thu  same 
moment  in  the  same  space,  or  in  close  conjunction  and 
contiguity;  and  coincident  circumstances  mtiitt  be  ex- 
tremely abundant,  and  single  itoluted  ones  excessively 
rare.  Kemnrkable  events  must  also  sometimes  happen 
togother,  independent  of  all  real  connection. 

Coincident  circumstances  may  l>o  divided  into  sepa- 
rable and  inseparable.  The  former  are  usually  called  for- 
tuitoiM  or  accidental  circumstances,  and  are  often  the 
Ksult  of  independent  chains  of  causes ;  for  instance,  the 
eolliaioo  or  non-collision  of  two  ships  at  sea  during  dark- 

>  Soe  Clu^Aor  IT.,  pp.  SS,  83.  . 
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nest  ia  largely  a  fortuitous  remit  of  indepeodent.  trains 
conditione.  As  caufo«  aud  tht-ir  cffGctx  ure  indi'^lublj 
conitected  together,  separable  effectti  are  iminlly  produced 
by  separable  causes,  and  inseparable  ones  l^  the  same 
cause ;  for  fnntance,  tiie  various  eflrt>ct4  of  lipnt  prod»oed 
simultaneously  in  a  piece  of  metal  are  mostly  inseparable. 
Tiro  coincidi'viit  «irviiinstance?  may  lie  inseparable  because 
tb«y  are  produced  by  the  same  force  or  agent ;  such  pl»e- 
noiuena,  if  th«y  follow  different  rat**  of  variation,  must 
be  sep;trutBly  investigated.  By  allowing  only  tmo  canffi 
to  operate  in  a  given  case,  we  know  that  any  two  phenomena 
nr  effects  which  then  occur  must,  be  related  to  each  other, 
either  as  an  intermediate  cause  and  its  effecta,  or  as  a  09- 
ceasary  condition  and  effect,  or  as  coincident  effects  of  the 
original  cause. 

Separable  coincidences;,  after  having  been  proved 
be  such  by  being  excluded  by  experiment,  need  not 
further  considered ;  we  must  not,  howi^vnr,  ast^ume  ettier 
separable  or  inseparable  circumstances  to  be  mere  coinci- 
dences wilhout  proving  them  tfl  Iw  such.  Inseparable 
circumstances  can  only  be  proved  to  be  coinci<k-nces  by 
indirect  means,  i.e.  by  lebowing  that  they  cannot  be  any- 
thing else ;  and  this  is  usually  don«  by  fiJly  accounting 
for  the  effect  by  the  other  causes  and  conditions  preseot, 
and  tbtw  showing  them  to  l>c  unnecessary  ;  tJte  detennina- 
tion  of  inseparalile  coincidences,  tlierefore,  is  one  of  the 
last  steps  in  an  eipcrimrntal  research.  We  find  cauws 
and  ned-ssary  conditions  before  we  find  inH>paruble  coinci- 
dent circumstances.  An  inseparable  coincidence  may  be 
distinguished  botli  from  a  cause  and  firom  a  nececMiy 
static  condition  by  its  not  being  [ndi«pensable  to  the 
effect  nor  contributing  to  it.'    That  which  appears  to 

>  HMpedinK  rnRuitoa*  c!rciim»iaoc«s,  see  Ivroot^  Prinetplit  J 
SalMM.  loL  i.  p.  SOS. 
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the  cause  of  a  phenomeDon  is  sometimes  Ebown  to  )>c 
only  a  mere  coiiici'ienoe  by  tlie  discovery  of  exceptional 
«aMfi;  a  properly-stated  cause  has  no  real  exception!). 

The  sum  total  of  a  dynamic  plmnomeDon,  reduced  to 
its  rimpleKt  form,  may  he  viewttd  an  ooiitiiNtiiig  of  the 
effect,  its  cause,  static  conditions,  and  inseparable  ooiDci* 
deoces. 


CHAPTER    XLFX. 

BXPLAKATION    or   BESCLTS. 


A  sciicaiFic  invoiligator  should  possess  the  power  of  cor- 
rectly interpreting  effects ;  of  detecting  &llacy  when  in 
the  giiiite  of  truth,  and  of  recognising  truth  when  inter- 
mixed with  error.     The  power  of  quickly  perceittng  the 

Itnw  explanations  of  new  physical  and  chemical  pheno- 
mena is  a  moet  comprehensive  one,  and  very  diDicuIt  to 
attain,  and  tbiit  which  characteriries  chieBy  »  great  dis- 

I  corercr ;  it  also  requires  a  greater  combination  of  mental 
powers,  and  a  larger  degree  of  exercisf  of  the  reasoning 
faculty,  than  any  other  part  of  original  research.  Com- 
parison must  precede  inference.  Wo  cannot  draw  in- 
fereiuwa  respecting  phenomena  unlenA  we  can  perceive 
likeness  or  difference;  we  cannot  recognise  real  likenevs 
or  difference  unless  nc  po^tsess  an  accurate  knowledge  of 
and  are  familiar  with  the  facts  to  be  compared ;  and  we 
cannot  possess  that  knowledge  and  be  familiar  with  tho«e 
&ota  nnleffi  we  have  had  extensive  mental  contact  with 
fcbem;  and  aa  the  truths  of  science  are  almost  infinite  io 
number,  accurate  and  lamillar  kuowlirdge  of  evcu  a  small 
portion  of  them  requires  great  reading  and  experience. 
There  arc  also  many  ways  of  ob»erving,  and  many  aspecti) 
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^H        of  comparing;  thtnge  which  roqiiiro  to  be  ptaotiiied  befor 
^H        wu  c;in  fxUtnxivoly  nn^nn  rc«|H-cti»g  Uiem. 
^H  In  order  to  «xpIaiD  the  entire  colleotion  of  the  results 

^H        of  a  rctK'arch,  wv  unuiUy  rcijiiiro  to  devise  a  theory  or  an 
^f        idea  aiiffici^ntlj  gro^t  to  include  and  iLgrev  with  the  wbol*    , 
of  the  circumstauccs  and  requite,  ^M 

Thi-  explanation  of  resiilta  U  e«»cntially  a  logical  pro^ 
cesB,  and  espMially  requirea  a  capacity  for  accurate  io- 
furenciv     Tlit^   power   of    inference    ie  bawd   upon   tbr 


universal  principle  that  wc  may  substitute  like  for  like  i^_ 
material  phunomt-na  without  altering  t)iu  effects,  and  Ilk^l 
for  like  in  our  thoughts  without  weakening  the  arga- 
mcut :  two  things  also  which  are  viinilar  or  equivaleut  to 
a  third  one  are  like  or  equivalent  to  each  other,  and  majr  be 
substituted  in  a  simihir  manner.  In  proportion  as  two  tbil 
are  alike  in  the  c^Hseutial  points  which  influence  theeSectc 
conclusion,  so  far  may  we  Euhstitute  the  one  for  the  ott 
in  our  experiments,  and  tkv.  conot^'ption  of  one  for  that  of  i 
other  ill  our  classitications  and  reasoning.    But  frequentl] 
the  two  things  are  not  cxnetly  aliko  in  close  essential  point 
and  it  usually  requires  extensive  knowlodgi.'  and  ciperience" 
to  he  able  to  judge  how  far  and  to  what  extenl  thny  are 
really  similar,  and  therefore  bow  far  tho  effect  or  coocln* 
sioii  derived  from  the  one  may  be  inferred  from  the  other. 
In  order  to  explain  phenomena   correctly,  we   mu<t 
draw  correct  conclusions.     That  great  mistakes  are  fre- 
quently made  in  inferring  explanations,  is  proved  by  the 
very  difl'eient  and  frequently  incompatible  causes  astigmd 
for  the  same  phenomenon  by  different  scientific  muo.   Vie 
frequently  explain  (or  rather  seem  to  explain )  one  mysteijHl 
by  stating  auother.     Oue  of  the  commoneKL  errors  is  tba^B 
of  generalising  too  widely,  or  drawing  conclusions  from  an 
in^uRicient  variety  or   too  KUiall  a  number  of  instance*. 
The  infercaces  we  draw  &om  each  observation  or  vxami 
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must  neither  coiitikin  too  mticb  tnfonnuttoii  nor  too  litUe»  i 
If  they  coulaiu  too  mitcb,  tlie  escftu)  U  unoertaiii,  and  may 
be  ftntircly  M*f  i  and  if  thoy  includo  too  Ilttlo,  they  do 
not  render  manife^  th^.  whole  amount  of  trutJi  warmnt«d 
by  the  evidence. 

Qnickoet*  in  eiplnimnjT  pbonomcna  correctly  depends 
also  «i»on  a  capacity  for  eslitnating  ihc  relative  degrees  of 
graeraiity  and  tmiuency  of  occurreace  of  dilfeTent  plieoo- 
toMia.  Tb^ie  nr«  common  enutuw  and  unfrequont  ones ; 
usual  impiiritioM  in  iiu)>;>lanc&8,  and  rare  on«9< ;  nndotbet. 
dn-umstanoea  being  alike,  the  more  freqiieDt  the  exi!it«noe ' 
of  a  Btibftanco  or  action,  the  more  likely  ia  it  to  bo  the 
cattM  of  a  nf'wly-f'lK^Tved  phenomenon.  Snt^i-ss  in  cx- 
plaining  phenomena  manifebtly  also  dependt^,  to  a  lar^e 
extent,  ii|>on  thv  totentity  and  amount  of  tboiight  be* 
stowed  upon  each  particular  <]ue8tian( 

The  expbnatioD  of  rD<ulttt  and  of  tscientilic  facts  in 
genetal  i»  a  complex  process,  and  often  extremely  diffi- 
oult.  It  coneietx  in  Khowinfr  the  vnrions  similnritica  of 
the  foct  or  phenomenon  to  other  ones,  aUo  its  catise,  and 
the  rartous  true  relations  of  it  to  nil  the  different  oircum- 
staocM  or  phenomena  which  precede,  accompany,  or  follow 
it.  To  ascertain  all  these  iisimlly  reqnirv^  a  scientific 
KKiirch.  An  inoiated  iact  or  phenomenon  of  a  novel 
land,  cannot  be  fully  explained  without  a  proper  and 
nifficient  iovc^Igation,  beoauNe  the  explanation  requires 
miKb  more  information  than  the  fact  or  phenom^ioa 
manifestly  implies,  and  we  cainiot  evolve  that  infor- 
mation by  mt^ns  of  study  of  the  fact  alone,  however 
iat«nM  that  study  may  be.  The  correct  explanation  of  a 
&ct  and  of  the  results  of  experimentn  bearing  upon  it,  can 
be  given  with  safety  only  when  a  research  ia  completed, 
and  its  causes,  conditionK,  and  coinoideooes  asoertninexl ; 
at  the  nme  time  the  whole  course  of  an  iiivestigation  is  a 
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gradual  but  irre^ar  unfolding  of  the  true  explanation, 
somi.-  purls  uf  the  progrus*  l^^'^K  very  slow  and  otbeis 
vei7  rapid.  ^M 

In  actual  research  wv  do  not  wait  until  an  iavestigatio^^ 
Ucompletwl  hefore  vn- seek  tovxpluin  the  n^tdt«:  but  we 
draw  codcIiibIods  at  intervals  as  we  proceed,  usually  afte 
eacb  «x{H^ritiient,  aicb  elasM  of  exprnmcnts,  and  afier  all 
the  experiuients  liave  been  made.  We  abo  note  down 
renuirki^,  cornjiuri^ionB,  aud  Hiiggestions  of  oveiy  kind  bear- 
ing upon  tJie  subject,  whicb  occnr  to  ui>  as  wc  proceed. 
The  most  coinprelicnEivu  inferences,  or  those  wbicb  in- 
clude the  greatei<t  number  of  caires,  are  ^nerally  formed 
the  last,  biwaiiw;  they  require  to  be  drawn  fn>m  the 
grt!at«At  variety  and  ntimlier  of  re«iilt«.  The  various  oon- 
ciosJons,  certain  or  probable,  inferred  from  the  resulta  as 
we  proceed,  eontiuiially  tmable  us  to  dear  away  ialse  hypo- 
tbesee,  and  suggesi  to  ue  additioual  new  qiientioos  to  be 
decided.  It  is  very  rarv  indeed  t.ljut  a  collection  of  fwien-^l 
tific  trtitb.i  lying  ready  to  band,  are  suffieiently  complet^^ 
or  Hyst4>mutiu  in  thcmw.4ves,  to  contain  all  the  information 
iiecfKsary  for  their  true  and  eomplete  explunalion,  or  for 
entirely  proving  a  new  theory.  The  true  expIuDatioD  U 
that  oDe  which  completely  agroes  with  all  llie  facto,  and 
not  only  with  all  the  ordinary  instances,  but  alra  with  all 
the  exceptional  ones. 

The  method  of  obtainiiig  an  explanation  of  the  results 
of  a  research  (and  of  scientific  fact«  in  general)  consista  of 
two  procestsea,  viz.  the  comparing  and  classifyiog  them, 
and  thereby  evolving  analogies,  similaritJM,  and  differ- 
ences ;  and  2nd,  drawing  concliuious  or  inferences  in  the 
form  of  general  truths,  laws,  principles,  aiuse«,  ooii 
denoej,  &c.,  from  sueh  nmilarities  and  diSerenccs. 
each  of  the«;  two  processes  we  only  alter  the  fiwrn  of 
original  truths,  and  thereby  make  apparent  more  of 
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mfbrmfttion  they  implioitly  contain,  but  ve  do  not  acttuUy 
create  new  knowledjfe.  An  unlimited  amount  of  informa- 
tioD  cannot  be  c-xtcvUrd  from  a  limited  number  of  tnithx, 
nor  can  we  by  either  of  these  generalising  prooeases  attain 
&om  tbcm  more  than  thcii  equivalent,  because  u  trui?  con- 
clusion never  exceeds  the  llmite  of  its  premiscK,  and  a 
general  statement  respecting  any  number  of  (acts  or  in- 
istimccs  contiiiiis  only  us  mucit  information  on  the  specified 
point  as  all  the  instances  put  together. 

In  some  atxsa  the  correct  interpretntion  of  results  is 
an  easy  iiiatU^r,  the  causes  or  other  relationii  of  them 
being  simple  and  obvious ;  in  other  coses  it  is  a  difficult 
problem,  reijuinnij  intense  study  and  mnch  twgiicity  ;  and 
in  others  again  it  is  not  possible  to  ascertain  the  exact  ex- 
plannt ion,  either  bv^caiise  otber  scientific  qucations  betiring 
upon  this  one  have  not  yet  been  settled,  or  because  the 
secret  lies  beyond  our  powers.  One  great  difficulty  in  the 
way  of  obtaining  a  oirroct  explanation  in  some  caMVs 
arises  from  the  feet  tlmt  there  are  various  causes,  and 
many  combiuiilion*  of  them,  and  each  cause  may  act  in 
many  degrees,  and  be  modified  by  various  circumstftnoeo, 
and  the  plienomenon  may  arj»ie  from  a  combination  or 
permutation  of  can»e«t  Many  cases  occur  where  an  effect 
depends  upon  several  causes,  each  of  which  increases  itn 
magnitude ;  many  others  happen  in  which  the  effect  does 
not  take  place  unless  all  the  causes  are  present,  and  it  i» 
common  for  persons  to  be  misled  by  this  circumstance  to 
considi-r  thai  because  the  effect  does  not  take  place  when 
eomc  of  the  conditions  arc  present-,  that  tboBO  conditions 
form  wo  pari  of  tbc  cause  of  the  phenomena.  It  follows  aJso, 
firom  tbesf  and  other  considerations,  that  whilst  there  can  In; 
only  ono  true  interpretation,  there  may  be  many  erroneous 
ones  each  of  which  may  mislead  us.  An  erroneous  in- 
terpretation may  appear  to  agree  with  the  tacts,  but  that 
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id  not  eufficient-,  it  must  be  tlwroughly  tcsU-d.  S^  looj 
also  as  our  knowlt^g^  of  n»ture  iii  incomplete,  then*  vilt ' 
always  remain  phenomena  vhich  we  cannot  fully  explain. 
In  order  to  obt&in  tho  true  and  complete  explanation,  ve 
I'lij^ht  to  ascertain  the  effect  of  fiadi  coodition,  both  in_ 
the  presence  and  absence  of  every  other  eondition ;  but  i 
the  troulilc  is  often  too  (jR-at,  vc  fn-quently  pursue  tirt 
more  direct  plan  of  trusting  to  insist ;  this,  lKiwcv«;r,j 
often  CA1UCS  ux  to  mitu)  some  now  truth  or  impurtaat 
point,  and  eapeoially  to  misH  exceptional  cases.  Newton 
missed  the  diBcovery  of  Fraimhofer'B  lines  in  this  way. 
Moreover,  if  we  were  willing  to  take  the  trouble,  we  could 
not  succeed,  because  multitudee  of  conditions  are  probabfy 
unknown  to  ui;  rvspecting  the  Himplc^t  phvHicul  pbeno- 
mena,  and,  in  eonnequence  of  this,  onr  moat  perfect  ex- 
planations of  such  phenomena  are  always  Tor;  fiu*  frcm 
complete. 

With   regard  to  the  puhlieatioD  of  the  explanattc 
whilst  a  scientific  enquirer  may  give  an  almost  unlimite 
freedom  to  hin  imrtginiition  in  )ii«  study  and  prii'Bt«  hyp^l 
theses,  he  must  limit  bis  statementa  to  the  strictest  irutb 
in  liiH  concliuionx  and  publuihcd  researches,  lest,  he  man^ 
propagate  error;  he  roust  combine  boldoCM  in  thiukinfflj 
and  experimenting  with  cautiousness  in  concluding  and 
aKScrtint;. 

Nothing,  perhaps,  conduces  so  much  to  damp  th«_ 
ardour  of  an  investigator  aa  premature  diftclonire  of 
itultM ;    btit   when   the   results  are   disclosed   by   pro|i 
publication,  sufficient  detail,  both  of  circumstnncee  and 
quantities,  should  be  explicitly  stated,  in  order  tbat  other 
persons  oiay  readily  obtain  similar  effecta. 
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PAKT  V. 

SPECIAL  METHODS  OF  DISCOVERT. 


CHAPTER  L. 

aPXCIAL  EUnatCAl.  mrthods  o?  soikntific  bssuiicu. 

As  biit  r«w  invt^tigntors  have  left  liehind  tfaem  a  record  of 
the  exact  circumstance  or  cooditioiis  which  immediately 
led  to  thvir  dJHoovurii^  [  have  Weu  oblii^  in  many  cases 
to  infer  from  such  few  particulani  as  liave  l>eeQ  himded 
dowD,  and  from  my  own  experience  as  an  investigator, 
what  must  have  leen,  or  probably  was,  one  or  more  of 
&IB  conditions  which  led  to  those  discoveries,  and  have 
clueified  the  di«coveritM  accordingly. 

The  methods  and  processes  of  discovery,  althongh 
esBcntially  and  chtcily  mental,  are  partly  physical,  and 
ore  determined  by  the  laws  of  nature ;  obedience  to  natun; 
is  the  prime  condition  of  dit^covering  new  truths.  No 
two  invest igjitur*  work  exactly  alike,  but  all  are  praiv 
ticaUy  guided  by  the  same  general  rulee,  because  tlif 
fundamoDtal  laws  of  science  and  rules  of  thought  arc 
tlt6  same  for  all  men.  As  scientific  investigation  a  not 
a  supernatural  process,  but  is  subject  to  laws,  there 
must   exist  a  s)'stcm  of  gvucral  rules  of  i|u&liUilivo  re- 


Aii  8PECIAI,  HETIIODS  OP   DISCOVBUT. 

^BTcb  requisite  to  be  obercd  by  all  ntpn  wUlgt  inreeti- 
l^ting   the   various   scienceR ;    but   hov  fiu-   these  mica 
of  the  art  of  discovery  can  be  ascertained,  systematicaJlT 
urniDgtKl,  and  made  explicit,  in  the  present  vxtrorocly  im- 
perfect stat«  of  Ecicntific  linowletl|{e,  is  a  difficult  point  to 
dvtcrmine.    As   Kcii-utifio  di^cuvtry  includes  the  fioding 
of  new  truthii  in  every  branch  of  nstui-al  knowK^ge,  a  com- 
plete art  of  discovery  miwt  be  applicable  to  and  coexteorive 
with  the  entire  domain  of  attainable  natural  truth.     A' 
clasEification  of  tho  modes  of  discovery  is  simply  a  clawi-^ 
fioatJOD,  from  a  new  point  of  vi«w,  of  the  history 
ecienlific  discoveries. 

Tho  motil  systematic  arrtuigcment  of  the  methods  of 
dUcovery  h  protably  according  to  the  various  sciences  aod 
their  subdivisions,  and  not  pHnuirily  accoi-diug  to  the 
rules  of  thought  or  modes  of  mvnlAl  action,  because  those 
rules  and  modes  are  thomeelvee  based  upon  and  developed 
by  OUT  experience  of  nature,  and  therefore  dependent 
upon  the  laws  of  the  various  Bci^nces.  We  can  tbin):  in 
discordance  with  uuiiire,  but  we  cannot  usually  diitcoveri 
by  means  of  sucli  discordant  tjioiight.  In  »o  fiir  as  tlw' 
sciences  are  themselves  similar,  so  far  must  the  metbodfj 
of  investigating  them  be  alike;  and  as  they  are  all  of 
them  evidently  based  Upon  logical,  geometrirtil,  and  mu'} 
thvniatical  laws,  so  mutit  the  rules  of  discovery  in  tbem 
oonform  to  those  laws.  It  is  evident,  then,  that  eaofa 
method  of  discovery  must  botb  be  in  general  accordaneo 
with  lugicul  and  mathematical  laws,  and  be  specially 
adapted  to  the  particidar  science  and  brunch  of  science  in 
which  an  investij^tion  is  being  made.  I'be  general  method 
of  discovery,  so  far  as  it  is  of  a  logical  character,  has  in 
already  been  described  in  this  treatise,  and  forms  the  eflaena^l 
of  the  subject  matter  of  many  of  the  preceding  ehaptete.  ™ 

The  particular  circuotstanoes  under  which  diseoTeriea 
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aie  iaad«  are  eo  Tarioua  that  tt  appears  almost  im- 
poadblv,  in  the  present  «tat«  uf  knowledge,  ia  clasBJfj  iii 
a  ^vteiuatic  nianneT  the  numerouti  ttpecial  ways  in  which 
new  scirmtific  truths  uro  fauiid.  Aa  inveetigntion  is  ofWo 
oommi^nctd  for  the  purpose  of  Ui^Ung  an  hyitothcaU ;  lest 
£re<}uently  it  is  begun  without  any  distinct  preconceived 
quc<tioa,  nimply  with  thf  less  definiti.*  objoct  of  wishing  to- 
find  what  a  given  research  or  experiment  will  yield ;  but 
whether  it  is  stnrtud  with  a  spectdiition  or  not,  hypothe«ies 
are  always  raised  during  its  progrenB.  In  nearly  all  cases 
of  discovery,  we  more  or  less  invi.'stigate ;  and  as  we  cannot 
command  results,  we  obediently  accept  in  all  CASita  thutie 
which  nature  yields,  and  rest  content  with  such  expla- 
nation or  ctinclu)iioii«  ux  the  rcMults  uffunl.  Sometimes 
we  dittcover  a  new  substance,  occasionally  a  nt;w  action  ; 
at  other  times  a  new  cau!ii-,  effect,  coincidence,  or  other 
relation  ;  frequently  a  new  fact,  and  occasionally  a  gt-nera) 
law  or  principle.  In  all  these  cases  discovery  commences 
at  the  point  at  which  old  information  end*  and  new  know- 
ledge begins,  and  the  only  two  agents  concerned  in  it  are 
external  naturu  and  the  human  faculties  ;  and  by  external 
nature  I  mean  anything  external  to  the  consciousnew  and 
thinking  power  itself. 

The  Hpecial  modes  of  disooveiy  are  as  vftricd  as  our 
»enties  and  mental  powers,  for  it  is  by  monna  of  these  and 
their  combinations  all  otir  discoveries  uro  made.  We  dis- 
cover K  phenomenon  or  an  existence  by  touching,  tast- 
ing, smelling,  hearing,  or  seeing  it ;  by  comparing  and 
classafyiug  it  with  other  phenomena  or  existences ;  and  by 
tneena  of  reason  and  inference.  They  are  also  as  varied  as 
the  sciences  theinsi'hv!!i  and  as  the  [jropertics  and  actions 
of  the  forces  and  substances  of  which  those  sciences  treat, 
because  every  difleient  force  and  substance  must  be 
specially  investigated  according  to  a  more  or  lesrt  diflfercnt 
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method.    Tlie  ftpeoial  proceBnes  of  research  vat;  also  to  a 
oi-rUiin  extent  with  the  oatuic  of  thu  discovery,  acoonl*    ,, 
iog  aa  it  is  tliat  of  a  faot,  law,  principle,  substance,  forc^H 
«iu««,  effect,  coincidence,  or  other  rolution,  &c.    Scientifi^l 
di^cuvcrit-s  in  gi-^nenil  mil;  a1»o  be  divided  into  two  gmt 
clju«e»,  viz.,  qualitative,  or  those  consisting  of  new  tratiit 
-of  simple  esifctencc,  whirthcr  of  fiict  or  principlr ;   and 
those  of  a  ([iinntiUitive  oharacter ;  and  the  latter  are  found    „, 
bj  quantitative  methods.  flj 

New  Meientific  di»covorie«  are  arrived  at^Irt,  by  ob^ 
nerving  either  ordinary  or  novel  phenomena  of  nature ;  and 
as  !itl  uattirnl  knowlcd^  is  origiually  d«rivt>d  from   «z- 
pi^rienuo,  Ibiii   source  of  d«w  knowledge  is  the  hoot   of 
all  others.     The  phenomena  of  nature   may  arise  either 
from    the   nutiiral   coudm:  of  «v«it^  as  in   the   progren 
of  growtli  or  disease  in  plants  or  animals,  a»  ellipse  of 
Venus,  &e, ;  or  from  tlici  effects  of  artiSci&l  arrangements 
calltKl  experiments  or  tests ;  or  th^-y  may  occiu-  in  art*  or 
manufactures,  or  during  travel,  &c,  2nd,  new  dL'woveHes  are 
uI«o  oblaiue<l  by  comparing  and  clarifying  eiiber  old  or 
new  truths  respecting  natuml  phonomenn.     And,  Srd,  b^H 
drawing  concIuKions  or  inferences  from  such  observation*^ 
comparisons,  or  ctasxificatioue.     Discoveries  arc  eoroetiincB    , 
made  by  each  of  these  methods  alone,  but  noore  fh^queatlSj 
by  moan*  of  all  three  comlnnod.  ^^ 

The  new  scientific  knowledge  ohtainrd  by  tocruly  ol^ 
serving  ntLtiirnI  phenomena  contdsts  only  of  isc^tcd  fact« : 
that  acquired  by  comparing  and  cliusifying  troths  is  com- 
posed of  analogies,  similarities,  differences,  and  genenl 
truths;  and  that  obtained  by  drawing  conclusions  or  in- 
ferences from  such  similarities  and  diirwrvuoex  includes 
general  tnitbjs  lawe,  principles,  causes,  coincidences,  and 
other  abstruse  relations.  All  tbe  new  information  ob- 
taiued  by  these  means  may  become  the  «larting-iioint 
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additional  new  (tUcoveTiM  1^  onr  muking  it  tbe  basis  of 
new  liypot^Lstitt,  expeiimeuts,  and  ol>i*ervations ;  iiud  tbe 
additional  kuowledgo  thus  obtoint-'cl  may,  by  being  in  itti 
turn  Mitijected  to  dmilai-  mental  pru(.'cii»e8  of  compiirison 
and  iufcrcuw.  yield  u  Btill  further  amount  of  new  tnitbs  j 
&nd  so  on  r<-|ji-au-dly  to  an  extent  wMcli  appears  to  be 
liraiteil  only  by  the  lawaof  nature  and  t best at.i- of  udvnnce- 
ment  of  otiivr  braucbM  of  knowledge  at  tbe  time. 

Tbe  actual  metbt>dd  of  making  scioutifio  discoveries 
are  neatly  always  concrete.  Tbe  most  usual  metbod  in  by 
Btudyinjf  a  subject,  then  eipcri mentally  investigating  It, 
and  drawing  such  concliuions  m  the  rvsults  itflford.  I>uring 
such  study  uew  hypotheses  oi  quertions  of  nature  are  ima- 
gined,muius  of  tt'»*tingtlio^  (lu«rMt.iotiiugK  urv  next  invented, 
Hud  tbo  requiiiite  experiments  and  observations  are  then 
made,  llavioji  made  those  experiment*  aud  observations, 
tho  r^^^i^ull^  of  tlit-in  are  studied,  classified,  and  compiu^d 
in  evei-y  conceivable  way,  and  as  mauy  conclusions  drawn 
from  them  ai>  ihc-y  will  logiciUly  alTord.  From  these  con- 
cliwiuus  we  proceed  to  infer  such  explanation,  cause,  rela- 
tion, or  general  k«  or  principle  as  tbcy  appear  to  warrant, 
and  test  by  fiu'tber  cxperiuientsi  if  tbu  supposed  expla- 
nation, cause,  i&c,  are  tbe  true  oiieii.  In  actual  researeli 
all  ibeee  processes  arc  coutinually  altcniiiting,  iA  we  do 
not  conclude  our  study  before  we  make  any  ex[>eriments, 
Qor  make  all  tbe  experiments  before  we  draw  any  con- 
cliudoiu  or  suggest  new  bypotbeaes ;  but  we  raise  an  bypo- 
tfaesis,  then  make  one  or  more  experiments,  then  draw 
conclusions  and  raise  nuw  bypotbrscH,  make  more  experi- 
mcntti,  and  so  on.  Moat  reaearcbos  are  made  by  a  series  of 
methods,  and  each  research  ia  really  a  compound  result  of 
a  scries  of  discoveries,  eiicb  evolved  by  each  Bucceeding 
method.  In  accordance  witb  thi^  we  already  possess,  is 
every  <»derly  treatise  oq  chemical  analysis,  an  outline  of  a 
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special  syatem  of  nites  of  dtMoveiy  on  a  comparativetjr 
limited  Kale  in  that  subject ;  and  an  inductive  lystem  for 
*cie»ca  in  gon«ml  consistH  of  a  8om«itb*t  fiimilttr  Ixit  more 
fflcteQRJve  method,  applicatJe  to  all  the  rimple  scienon  < 
matter  iind  energy. 

Aa  the  only  two  iigimtii  ooncf^rned  in  scientific  discover 
are  external  nature  and  the  biunan  faculties,  the  oatiuci 
a  discovery  depends  easemtinlly  upon  two  thingn,  viz.,  firjt 
utid  most  es§entiiillv,  upon  tho  kind  of  phenomenon  pie- 
Rented  to  us ;  and,  second,  upon  the  kiud  of  a«pi-ct  in 
wliicb  we  peroeivo  it.  Out  of  these  two  conditions  ariite  what 
for  lh«  (akc  of  convenience  I  will  venture  to  call  the  fun- 
damental laws  of  gcientific  discovery,  vi:£.,  1.  that  of  diaeo- 
v«Ty  by  means  of  ezperimi^nta  or  natural  phenomena ;  and, 
2.  tliat  of  discovery  by  means  of  the  senses  and  int«IIix-t. 
The  chief  law  of  discovery  by  racan^  of  natural  plicnomeoa 
i«,  that  every  nm>  mbstaTice  orftyroe,  and  every  new  com- 
hinaiion  of  matter  or  Us  forct*,  pnxltivf*  new  ^eet», 
csecpt  in  cases  where  there  are  preventive  conditions;  and, 
conversely,  every  new  ^ret  may  be  prodw^l  either  by  a 
tifw  aubalaiuse  or  by  a  i(*w  arrangement  of  mutter  or  it$ 
forces.  In  most  instances,  therefore,  in  which  a  new  dift-^ 
covery  is  made,  we  observe  for  tbe  first  time  either  tti^| 
f"^^  of  a  new  substance  or  of  a  new  disposition  of  the 
foroe«  and  substunces  of  nature;  or  a  new  eau*e, 
a  new  suhjlanee,  or  a  new  arrangement  of  matt«r  aod  it 
forces,  which  produced  the  particular  eifect.  TIic  chte 
law  of  (liwcovery  by  means  of  the  t>en»«ta  and  intellect 
tliat  whenever  toe  perceive  or  compare  any  tnUh  or  i 
of  tnttits  in  a  new  aepi-d,  %ve  lAitain  n«tii)  hunUedge ;' 
and  therefore,  also,  whenever  a  truth  or  class  of  truths  is 
pnwentod  to  us  in  a  new  aspect,  we  make  a  new  discovei;* 
When  we  perceive,  compare,  or  reason  upon  a  phenomenon 
in  a  new  a^tect,  we  evolve  new  truths  respectjnt;  it :  the 
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hy  means  of  each  of  our  difTvrciit  tcvftia  imd  perceptive 
powers  respectively,  we  perceive  its  different  sensible 
qaalitie» ;  iU  duration  of  ezidtcnce  bj  our  pcrcoption  of 
time ;  iU  form,  magnitude,  motioD,  velocity,  colour,  &c., 
by  mcanH  of  our  sigbt  and  perceptions  of  spate  and  colour ; 
its  kind  of  structure,  weight,  &e^  by  our  ttente  of  touch 
RDd  porcuption  of  resistance  ;  its  sound,  by  means  of  our 
9enae  of  hearing ;  its  odour  and  volfttJlity,  liy  tirntrlling,  &c. 
Also  by  comparing  each  of  it«  se&Hible  qualities  together, 
or  with  thoM  of  other  plipnomcuii,  we  discover  siinilaritte!), 
differenoea,  and  general  truths  ;  and  by  <;oRt)>aTing  these 
facts  and  truths  with  others,  and  reasoning  upon  them,  we 
diacover  the  tnoru  hidden  phenomena,  trulhtt,  and  priit- 
«iple8  of  nature.  Upon  these  two  *  laws '  are  based  all 
the  rulc«  of  the  art  of  scientific  research. 

.\llhough  we  have  very  strong  reasons  for  believing 
that,  whenever  we  subject  a  fcwoo  or  substance  to  new 
conditions  new  cffwt»  are  produced,  unless  «ome  eirourn- 
etance  exists  to  present  them,  in  the  great  majority  of 
really  new  experiments  (especially  those  which,  if  succt^s^ 
ful,  wotdd  yield  important  results)  no  apparent  effects 
occur.  There  are  several  reasons  for  this.  First,  in  a 
great  number  uf  case*  we  require  new  methods  of  dfr* 
t«etioa,  the  effects  produced  being  not  perceived  twcauM 
neither  our  senses  nor  any  known  methods  are  viutable  for 
deti^ting  tht'ni.  Second,ia  another  large  nimiber  of  i-a«efi 
the  effects  produced  are  so  small,  feeble,  or  distant,  that 
we  are  im;il>l«  to  detect  them  even  by  the  aid  of  the  most 
powerful  and  delicate  iDStruments  and  appliances  we  at 
present  possess :  for  example,  nearly  all  substances  are 
prohaUy  altered  in  temperature  by  exposure  to  light,  but 
In  most  cases  the  effects  are  so  small  that  we  cumot  at 
proont  detect  them.  Many,  however,  might  be  detected 
if  Ibe  requisite  researches  were  made :  for  instance,  many 
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uf  the  mosl  di^^tnnt  nobulffi  might  prohnlily  be  rmolvnl'i 
stars  if  rtiir  telescopes  were  sufficiently  powerful, 
third,  in  many  cases  we  either  do  not  know  when  to  look, 
where  to  Inok,  or  vhat  to  look  for. 

Ariatiig  tiroro  theac  two  fundamental  principles  of  <li»> 
covery  are  two  genernl  mocW  of  proowlure,  1^  meuis  of 
which  the  high  priAtite  of  demonstrable  truUi  unfold  to 
mankind  thv  continuoiu  rcvclution  of  nature,  and  advance 
towards  acquiring  unknown  truths,  viz.,  by  induction  and 
deduction.    The  inductive  method  condats  in  evolving;,  by 
a  proces*  of  iiifcrftnoc,  a  knowledge  of  causes  by  meaaa  n 
of  a  previous  knowledge  of  their  effects,  and  is  u«cd  f^M 
discovering,   det<^;tin^',  and  di^t^^rmining  cauees,  and  f<:^^ 
analysing  pbenomi^na  ami  siibstances.     The  deductive  one 
constats  in  imagining  edecta  from  a  previous  acquaintance 
with  tlieir  caust^,  and  tlivn  tilling  our  taippoettiatis  by 
experiment  j  it  is  employed  for  ascertaining  new  efffci^, 
and  for  synthotically  discovering  new  compounds  and  phe- 
nomena. 

Jn  the  investigation  of  compound  subetances  by  nwaM 
of  chemical  analysis,  we  work  according  to  the  iodoctive 
method  of  division  and  exchidion,  drawing  new  knovrledgaJ 
in  the  form  of  obiHTvation?^  inference's,  or  conditional 
and  raising  new  hypotht-jies  as  we  proceod.  We  first  apply 
gronp  tests,  and  eicludo  one  by  one  the  various  clafMS  of 
bodies  to  which  the  tiulistance  present  does  not  belong. 
Having  at  length  found  a  group  which  contains  the  sub- 
stance, we  continue  to  divide  and  exclude  by  appropriate 
testa  all  the  various  bodies  helonginff  to  that  group  until 
we  can  divide  and  esclude  no  more,  and  then  ascertain  I7 
means  of  suitable  test:*  what  tbc  individual  substance  is. 
In  the  scientilio  investigation  of  complex  phenomena  ood 
their  relations,  we  proceed  in  a  simibu-  analytic  or  inductive 
manner,  extracting  new  anRwers,  and  raisii^  oew  queetioni 
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:poa  thenifiis  wo  proceed.  \VV  first,  hv  mi-an!<  of  siiitnble 
cs|M-riin«nto,  »eparat«  one  by  one  all  the  interfering  and  un- 
easential  ciicuinstan«-»  imtil  wo  isolate  tLc-  ptirv  offttot,  and 
are  uble  to  obtain  iiniforra  reHiiUs,  and  liave  di^nvered  to 
|Wl»t  particular  force  the  purified  action  or  phenomenon 
l>eloDgH.  Ha^'ing  found  tb«  foroc  to  which  it  i«  duo,  we 
^Btiniu:,  by  a  oimilar  prooees  of  hypothesis,  experiment, 
jIBerration,  and  Inferoncc,  to  exclude  all  the  various 
IkDodcs  of  action  of  that  force  until  we  arrive  at  one  (or 
^ure)  which  cannot  be  excluded  without  preventing  the 
PBct,  and  to  wtiich  therefore  it  iR  due,  nod  whicli  fully 
agreea  with  all  the  observed  results  But  in  the  inveiitiga- 
iioa  and  discovery  of  the  properties  of  n  subetunce  or 
force,  we  prweed  in  the  opposite  or  deductive  innniier: 
■we  cause  it  to  act  upon  a  number  of  other  subfctancea  or 
focces,  and  under  the  {;rf»t<^t  vurivty  of  conditione,  and 
Xiote  the  results;  we  then  compare  and  classify  those 
lesults  in  every  powiblc  way,  and  extract  from  them  by 
indiK'tioii  ev<!ry  pnsHible  truth  and  gemtral  coiiclutiion  that 
ire  are  able.  In  one  class  of  cases  we  assume  the  poseibility 
of  a  new  effect,  and  then  deWu)  means  of  producinfr  snd 
observing  it ;  and  in  another  we  devise  a  new  muscr,  t.n.  n 
Dew  combination  of  matter  and  ite  forces  (or  we  take  a  cause 
•lr«ady  known),  and  then  ascertain  it«  effects. 
I  '  The  correctness  of  synthesis  is  proportionati-  to  that  of 
|U>e  preceding  aoalyi'iti ;  and  a  doubtful  tkuiilysis  may  be  con- 
Brnsed  by  a  Bynthesis.  In  other  wordH,  correct  induction 
fimiisheetlie  premises  for  a  soimd  deduction,  and  a  doubtful 
inductioQ  must  be  verified  by  d(^ductioii«  from  it.'  *  A  cor- 
t  analysis  of  lapia  UxzvXi  was  suspected  to  be  erroneous, 
there  seemed  to  be  nothing  in  the  elements 
ed  to  it,  which  were  silica,  alumina,  i<odu,  sulphur, 
'and  a  trace  of  iron,  to  account  for  the  brilliant  blue  colour 
b||he  stone ;  nccidtfiitAl  synthcgiii,  which  wae  followed  up 


All; 

wrafl 


SPEaAL   J1KTU0D8  OF  MSOOTSBT. 


I);*  iDt«ntionat,  reproduced  it^  and  the  analysis  was  fbu: 
to  be  correct,  wliilxt  the  synllifsi*  U  now  daily  performed 
for  L-omiDcrciKl  purposes.'  '  By  the  mutual  eo-operatioD, 
then,  of  iheee  two  procesevi,  the  phygiral  sciences  are 
advanced.  If  no  attempt*  were  mnde  to  draw  a  oonclusion 
and  see  what  use  could  be  made  of  it  till  "proimds  fonnally 
complete  were  licfore  iii*,  concliiiionn  would  never  b«  dm 
The  certainties  by  which  the  chemist,  the  astronomer, 
geologiift,  conduct*  his  operations  with  compouure 
success,  were  once  bare  possibilities,  which,  after  being 
handed  backward  and  forward  between  Induction  and 
Deduction,  turned  out  to  lie  tniths,' ' 

Any  method  of  successfidly  using  the  human  &cultie« 
in  ejecting  a  scientific  discovery  depends  upon  seven! 
conditioDs:  Land  chiefly,  upon  the  actual  and  possible 
constitution  of  estcmul  nature ;  2,  upon  tlte  capabilitti 
of  our  mental  and  physical  powers;  3.  upon  tlie  kind 
discovery  to  be  effected ;  and  4.  upon  the  state  of  nat 
knowledge  at  the  time.  The  empirical  nilee  based  upon 
these  conditions  are,  that  we  must  not  attempt  to  diiKorti 
Gontmdictions  of  the  laws  of  nature,  that  we  must  consider 
tlte  limits  of  our  faculties,  tliat  we  must  adapt  the  mean^ 
to  the  end,  and  that  we  must  not  try  to  discover  truths 
which  are  insuf&cieutly  ripe. 

1 .  With  regard  to  the  dependence  of  the  method 
external  nature,  it  is  manifest,  from  universal  experi 
that  although  we  cannot  discover  anything  which  8' 
contradicts  the  lawe  of  natme,  we  may  discover  not 
what  explicitly  exists,  but  n  multitude  of  substances  and 
actions  which  do  not  bo  exist,  hut  which  agree  with  and 
are  implicitly  or  potentially  contained  in  the  great  prin- 
ciples of  science,  and  are  therefore  capable  of  explicit 
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exirteacc.  Potassium,  for  oxiimplf,  doca  not  u^tplioitly 
exist  ill  nnture,  Imt  U  implitiitly  contained  in  its  com- 
pounds, and  has  been  rendered  explicit  by  discovery. 
Numerous  compounds  al»o,  not  itxpHcitly  contained  in 
nature,  liave  beea  icndered  explicit  by  means  of  research. 

S.  With  regaid  to  its  dependence  upon  our  mentftl 
and  physical  faculties,  it  h  evident  that,  as  all  our  know- 
lcdjr<e  primarily  arises  from  our  experience,  all  existenoea 
which  lie  beyond  th«  resell  of  our  seiiBes  and  coDscious- 
DOffii  or  which  cannot  be  infcrr«d  from  our  sensory  or  con- 
scious impressions  by  our  int^^llectuul  powers,  lie  boyond 
our  powem  of  seientjlie  discovery  ;  but  those  which  do  not 
lie  beyond  the  reach  of  our  consciousness  or  intellect,  or 
tltoir  ftiture  developments,  may  be  sooner  or  later  dis- 
covered by  118. 

3.  With  respect  to  its  dependence  upon  the  kind  of 
discovery  to  \>e  made,  we  know  that  whilst  we  cannot 
make  any  discovery  which  is  contradictory  to  the  laws  of 
nature,  wo  can  so  direct  the  use  of  our  intellectual  powers 
as  to  be  able  to  select,  within  a  certain  limit,  the  kind  of 
discovery  nc  can  make ;  for  instance,  we  can  choose  either 
a  physical  or  chemical  subject  of  iavesti)^tion,  or  a  re- 
March  belonging  to  any  one  of  the  sciences.  Wekuowthat 
we  can  even  so  direct  the  use  of  our  powers  aa  to  discover 
a  number  of  facts,  a  genctal  truth,  or  even,  to  a  certam 
extent,  a  law  or  principle ;  the  latter,  however,  i^  l>}-  far 
the  most  ditlicult  and  the  most  uncertain  of  success ;  and 
in  each  of  these  case^  the  special  methods  we  employ  are 
somewhat  different.  The  special  methods  employed  in 
making  discoveries  in  physics  differ  to  some  extent  from 
tbose  employed  in  chemistry ;  they  differ  also  in  eveiy 
different  scipnce  and  branch  of  science.  The  discovery 
also  of  laws  and  principle*  requires  a  more  oxti-nsive 
method  than  that  of  finding  ordinary  &cta ;  and  that  of 
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exG«{>tioDaI  and  residuary  inittances  requEreCr  t^giiiio,  a 
fierent  proccB^ 

And  4.  Willi  rr«p<H'.t  to  its  di'pcnd»D<«  upon  the  «tat 
of  knowledg*  at  the  time,  and  upon  the  chronological' 
order  of  the  scicnoos,  it  is  eWdent  that  a$  our  montal 
faaulti<^9  hav«  only  a  finitn  degrvc  of  powi^r,  wo  can  only 
use  a  method  of  discovery  siiccesafully,  provided  tlic  Biib- 
ject  in  rip<\or  hnin  lu-rivod  ut  that  staije  at  which  di»oo\'8i]r 
is  poesible,  i.e,  at  which  the  intellectual  and  other  lahour 
Hi?oi?s«iry  to  effect  it  has  come  within  the  limit  of  on 
meanR. 

In  the  practical  discovery  of  new  tnithx,  and  in  theinJ 
vestigation  of  those  alrcatty  known,  every  known  iiuiety/ 
oombiQatinn,  and  perrantation  of  m«nt«i  and  phy««al 
thod  ifi  employed,  those  methods  being  selected  which  ami 
hesi  suited  to  the  particular  case;  for  ioBtancc,  the  sendee, 
with  in»truin«nt«l  aids,  for  dincovcring  KMuitjIr  tliiogi; 
oomparison    in   detecting    similarities    and    difTerenc^a ; 
analysis  in  finding  tin.-  constituent  parts,  either  simple  o^^ 
oompound,  of  phenomena  and  siihstancn*;  diviiion  aDi^| 
exclusion  in  di«cov<^ring  musfos,  coincidences,  and    their 
relationtt;  induction  and  inference  in  difcloMing  al)strmc^| 
quatities,  and  general  laws  and  principles;  and  syntheriflj 
and  di'duction  in  disoovering  new  compound*  and  effticts. 

In  most  cases  of  discowry  we  imagine  new  hypotiii 
and  tc*t  them  by  experiment  and  Db»v^^-ation,  or  by 
latter   alone,  as   in   astronomy ;   but  we   do   not  alvaytl 
imagine  an  hypothe:M#  l>eforc  wc  make  an  original  research. 
Many  discoveries  are  evolved  by  meanit  of  Kludy  and  m- 
Koning,  i.f.  by  classifying  and  comparing  known  truths,  «■ 
by  drawing  eont-litrfons  from  fact*  already  observed ;  some 
arc  effected  by  the  invention  of  new  experimentt,  and 
especially  by  new  method*  of  examining  a  force  or  phe- 
nomenon ;  others,  by  the  employment  of  more  poi 
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mcfts»,  and  thus  obtaining  more  coDspicuous  eETecU ;  Toaxty 
are  effected  by  the  use  of  more  refinod,  Mnsitivv,  or 
8cciirat«  appanitiu  atid  Ui»ii ;  &aine,  hy  invL-«tignling  D«g> 
[ected  parte  of  science ;  othen>,  by  eeekiag  to  completely 
account  for  the  total  ((uantity  of  a  substance  or  force  in 
a  giTOD  iiistauce,  and  by  t-nduavouriog  to  explain  re.«i(liitiry 
or  exceptional  phenomena;  eome,  agais,  by  continuing 
inoonptctcd  ret^itiLrulivii.  Many,  by  Euaking  experiments 
which  oceur  to  the  mind  at  the  moment ;  or  in  a  number 
of  other  ways,  depending  upon  the  oattinc  of  the  ifcicncei 
the  circua)*taijw:i  of  the  case,  &<:. 

ITiere  are  several  empirical  ways  by  which  to  com- 
mence a  rcGeflTcb :  1.  Wc  wi»li  to  extend  our  know- 
ledge of  a  certain  undeveloped  part  of  some  known  scien- 
tific subject.  3.  Wo  have  invented  a  new  instrument, 
and  wi^h  to  ascertain  its  cffet-ts.  3.  We  de^iie  to  know 
tbe  cause,  efi'eet,  and  explanation  of  some  known  fact  or 
pbenomenon  which  has  not  yet  Wen  duuiduled.  4.  We 
have  atkcd  a  qiiention  or  raised  an  hypolhesiii,  and  wish  to 
ascertain  whether  it  ia  true  or  not.  5,  We  have  de\-i«e<l 
s  new  cxperinii^nt,  i.e.  ii  new  comhinatiou  of  matter  and 
its  forces  and  wish  to  ascertain,  by  trial  and  observation, 
what  its  effects  will  be.  6.  Wc  mukc  new  oh»ervation8,  or 
deviite  nt;w  or  improved  means  of  observation.  Or  7.  We 
olasaify  and  study  known  truth)!,  in  oruvr  to  evolve  othcm 
from  them.  Each  of  these  methods  includes  the  succeed- 
ing ones,  and  the  series  constitutes  the  successive  steps 
usually  taken  in  making  any  R-ieiititic  ri.-«-iircli. 

As  this  is  a  treatise  chieSy  on  the  general  method  of 
re^enrch  in  phyiiicd  and  chemistry,  I  shall  say  much  leu 
respecting  the  special  methods  which  are  employed,  and 
shall  not  attempt  anything  further  lliaii  a  mere  empirical 
cta)^iti<'i>tion  of  them,  iiomewhat  of  the  kind  just  {O^'en. 
But  although  a  truly  scientific  chiwification  of  the  special 
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mptliods  of  diK-OTcry  is  not  here  aHemittfld,  I 
stf«1y  af«frt,  for  llic  piirpotie  of  enoDnragiog  )«^nncn} 
ori^nal  scientific  reaearob,  that  b^  judiciously  adopting 
und  curryinf*  otit  one  or  other  of  tlie  fotlovrinf;  empirical 
metliods,  thej  are  certain  to  discover  new  tniOif  of 
niitnro.  And  an  to  write  an  account  of  all  the  tnoit 
special  mefhrtrls  of  sciflntifio  discovery,  and  to  eoaiplet^lnBi 
illustrate  them,  would  bo  to  write  a  history  of  all  di*fl| 
coveries,  I  sliall  merely  npitak  of  the  Icjw  upcciol  methods, 
and  illustrate  them  by  a  few  only  of  the  numeroiu 
Rtancca  which  might  bo  mentioned. 


CHAPTER   LI. 

DTSCOTTEBT   BT   ESTENDINO    in(l)BTKLOrXD  OR    VlXLSCttB 
TARTS   (ir   SCtBNCS. 

This  in  the  lea«t  ftpecial  of  the  methods  to  be  deseri 
and  is  theroforo  tho  widest  in  extent,  because  all  disco' 
muxt.  oonnist  in  developing  those  department*  of 
which  are  incomplete.     Where   there   is  room   for 
scientific  rcKKirch,  there  js  there  room  for  diMcovery. 

The  rate  of  progress  of  discovery  is  not  imifonn," 
ndtbcr  in  Hcicuce  in  gcucriil  nor  in  it«  brancliee. 
inBuenced  Iiy  all  that  aOeota  civilisation,  cither 
advance  or  retard  it.  The  recent  war  between 
.iiid  Goniiany,  lor  i;xainpltt,  «timiil.'i((xl  the  branches 
science  relating  to  the  arts  of  attack  and  defiaice,  Iwt 
dimini!ih(rd  or  retarded  research  for  the  time  in  other 
din-ctions.  The  different  sciences,  and  branches  of 
Hcience,  arc  always  more  or  lees  unequally  developed; 
there  exist  at  all  times  science^  and  parts  of  sciences, 
which  have  been  left  coop&ratively  behind^  by  tlie  adv 
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of  otlicrs.  One  part  of  knowk-dgc  cannot  make  pros^rcss 
nntil  certain otherc  have  »c<[iiired  a  particular  »la\e  of  devC' 
lopment.  Some,  tber^fore,  must  take  the  lead ;  and  wben 
tbe  laWfr  liiivu  advanced  until  they  can  proceed  no  fnrtliL-r, 
tbe  others  umst  advaiiot>  in  their  turn.  Combinations  of 
circiimMtanor*  ovcasionully  occur  whicli  caiiM;  onv  Kcicnve 
to  \m  more  attiBotive  and  studied  for  the  time  Iteing  thaa 
any  other;  iit  ouo  time  it  ic  astronomj,  at  unolher  light, 
heat,  eleotridty,  ma^etism,  chemistry,  or  hiology,  Simi- 
larly, vilh  particular  branches  of  science  and  with  par- 
ticular art--^  at  one  period  electrivmagnetistn,  at  another 
electro-metallurgy,  and  at  anotbcr  tipcctrum  analysiK,  has 
bwu  till-  cnfjrnssinf;  Kiilijr-e).  If  a  great  discovery  happens 
to  be  made,  or  a  startling  effect  produced,  in  one  particu- 
lar branch  of  scifuce,  «oon,  by  its  novelty  and  popularity, 
it  cauiM's  that  subject  to  attract  many  inquirers,  and  to  lie 
iuvestigated  until  no  more  truths  aro  readily  discovered  ia 
it.  Any  branch  of  science,  therefore,  which  has  not  been 
much  inv<»itigated  for  a  long  time  is,  so  far,  a  promising 
one  for  research. 

We  may  extend  undeveloped  departments  of  science  by 
Mveral  methods,  viz.  by  inventing  new  apparatus  for  le- 
BeoTcb:  by  inwitigatiiig  likely  circumMtam-t-s;  by  r»t«ing 
bjpothefles  and  testing  them ;  by  inventing  new  experiments 
and  making  tht-m  ;  by  making  new  oliservations ;  by  em- 
ploying improved  means  of  observation,  and  by  classifying 
and  studying  known  truths;  each  of  which  will  be  sub- 
divided and  trrat^Hl  of  in  separate  chapters. 

Many  discoveries  have  been  made  by  investigating, 
with  the  aid  of  inor«!  advauw^l  branche*  of  knowledge, 
Unme  »ection?i  of  science  which  have  ijeen  left  comparatively 
behind  by  tho  progress  of  other  secti'ms;  bnaiiw,  lur  a 
man  cannot,  if  his  senses  are  active,  traverse  an  unknown 
cmintry  witliout  seeing  new  placos  and  perceiving  new 
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things,  90  in  examining  an  iinexplorod  scientific  aub> 
Ject,  w»  urv  ccrtsin  to  discover  new  truUi«,  if  wo  pro|ieiiy 
invtittigat*. 

All  geoj^raphical  dit'covcrics  have  been  maclo  hy  thil 
mclhod.     For  infitance,  (Columbus  in    1-192   crcmed 
Atlantic  snd  ducovered  America :  Vasco  de  Gama 
round  ihfCape  of  Good  Hope,iiud  discovered  a  new  rout 
to  India  ;  Cabral  discovered  Brazil ;  Magellan  diitoovt 
Patu^uiu,  the  Straitx  which  beiir  \m  nnme,  tbe  Soutb 
Pacific  Ocean,  and  that  our  earth  ia  a  globe ;  and  in  * 
t-imilur  vny  otiicrs  dtscorcrcd  Australia,  Now  Zealand,  and 
many  other  parta  of  our  world,    Tlie  discoveries  ul»o  made 
by  Carpeutcr,  Wyvillc  Thompson,  and  others,  in  the  sub. 
ject  of  deep  sn-a  dredging ;  and  by  the  nuiuerous  in^'esU- 
gators  who  have  sounded  the  depths  of  tbe  oceanM,  asce 
tAincd  their  temperature,  composition,  currents,  &c., 
different  parts,  may  all  be  included  under  thiii  Iteading, 

The  (tisoovery  by  Profewor  Boole,  that  tbe  same  Uvrs 
wbich  govern  algebra  govern  thought ;  tlie  invention  of 
Jevona^B  '  Ic^cal  machine,"  and  the  consequent  dLsoovei;  of 
tbe  poet^ibility  of  dra^riug  iuft^rences  hy  purely  mechanic^Hj 
meant,  arose  from  the  study  of  a  negltMited  d<-par(mi*nl  o^^ 
Kciencv.  Other  discoveries  might  probably  be  made  in 
the  same  direction.  HJ 

A  difficulty  iu  employing  this  method  lies  at  tins  ter^^ 
outset,  and  that  is,  to  determine  not  to  much  vhat  an 
uodevelopod  parte  of  science — for  these  Lie  in  nearly  all 
directiinu — hut  what  tuideveiopwl  ones  are  likely  U>  yield 
important  results,  and  what  are  sufficiently  ripe,     Kut 
the  subjects  of  the  relative  importance  and  frequency  ■ 
differ<:nt  kinds  of  discoveries,  ami  the  selection  of  a  suit 
able  subject  of  reawirch,  Lave  already  been  treatod  of 
Chapter?  XIX.,  XX.,  and  XXXVIII.,  1  need  not 
consider  them  bere.    Amongst  the  undeveloped  or  nes 
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purU  of  8ci(!nc(*T  ripu  fur  muircli  at  tlie  pn^sent 
time,  may  be  mentioned :  the  relations  of  gravity  and 
cohesion  to  Uic  various  other  forinD  of  cn«rgy ;  thv  pro- 
iluetioti  i>(  «lt«tricity  hy  means  of  light ;  electrical  relations 
of  unequally  heated  ba^te  metak  in  corrosive  liqui<l» ;  fur- 
nace clK-mi«try;  mauy  parts  of  inorgunic  and  organic 
dwiniitry;  chemical  reactions  of  fluorides;  the  relative 
degrees  of  decomposabiiity  of  different  liquids  l>y  an 
electric  current;  electrolysia  of  fused  salts;  and  many 
other  important  eubjcctx. 

The  following  litit  of  siiggeidlons  for  etperiments  in 
undeveloped  parta  of  meteorological  science  is  copied  from 
a  paper  hy  Balfour  Stewart,  F.R.S.,  in  '  Nntiup,'  Sept.  7, 
I616,  p.  387 :  •  In  meteorology  we  should  endeavour  to 
obtain  a  clear  and  complete  knowledge  of  the  phycical 
motiouA  of  the  eartli's  iitnio.iphere  and  liquid  envelope, 
as  well  as  of  the  various  physical  states  of  aqueous  vapour 
ezi»ting  iu  the  air.  Secimdly,  we  aliould  investigate  the 
cyclical  changes  of  these  motions,  and  inquire  into  the 
causes  of  Kuch  chungcM.  Thirdly,  we  should  endeavour  to 
QtiUte  our  knowledge,  once  obtained,  in  improviog  our 
power  of  predicting  weather.  In  inaguetit^m  wc  should  en- 
deavour, hy  the  help  of  observations  already  accumulated, 
to  ascertain  the  causus  of  the  changes  which  take  place  in 
the  magni^ti  jm  of  the  earth ;  and  also  to  ascertain  what  is  the 
uattire  of  the  connection  between  magnetism  and  meteor- 
ology. Wc  should  ali-o  iuvcstigal*;  into  the  probable 
cauite  of  the  earth's  magnetic  polarity,  and  lastly,  ascer- 
tain whether  a  method  of  predicting  laetewological 
changGM  may  not  be  furnished  by  magnetism.'  'With 
respect  la  solar  and  lunar  researches,  we  must  ascertain 
the  various  periods  and  «nb-perjudt(  of  aiin-sjmt  frequency, 
luid  of  the  frequency  of  solar  faculip  and  prominences.' 
'  We  have  then  to  investigate  the  causes  and  concomitant^ 
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of  tbew  solar  phenomena.  It  is  well  kDawn  thai  dinturl 
Bsces  of  the  mafcnvtiBin  uQd  meteorology  of  the 
are  llwir  eonoomiuniit.  Well,  we  tnu»t  try  to  fiiwl  out 
whether  such  disturhnnoes  are  oaos^d  t^  the  solar  uuU 
brcAkt,  or  whotlier  both  arc  vffoctji  due  to  some  commoo 
but  uqIchowq  cause.  Then,  with  regard  to  the  moon,  it 
will  be  neocssnry  to  investigate  full;  tlie  nature  of  her 
action  on  meteorology  and  magnetLnm,  and  to  aaoertain 
wLi.-lhor  tbls  action  is  independent,  or  has  reference  to 
the  position  of  the  ma  and  to  the  state  of  his  «urfikcc.' 
'  It  ought  here  to  he  mentioned  that  the  above  list  em- 
braoes  only  thoHO  prumiuent  researches  that  have  oeaani 
to  the  writer  of  these  remarks,  and  that  if  observations  be 
thrown  open  and  research  encomaged,  the  dimension!  of 
such  a  list  would  be  almost  indefinitely  increased.  And  I 
will  here  repeat  tJiat  it  is  only  by  carryin^r  out  tucb 
riAscarchcs  as  tlioso  suggested  that  we  can  ever  hope  to 
taUv!  meteorology  (o  the  rank  of  a  titio  science.* 


CHAPTER  Lll. 
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There  is  scarcely  any  method  whieh  has  led  to 
many  varied  and  new  discoveries  as  this.  The  use  of 
new  instruments^  and  of  improved  onw,  has  disclosed  ki 
us  an  immense  amount  of  new  knowledge.  All  kinds  of 
apparatus  for  generating,  accumutnting,  flirecting,  coo- 
centr.tting,  maintaining,  communicating,  distributing,  n^ 
gulating,  detecting  and  measuring  substances,  foroes,  or 
their  effects,  have  yielded  by  tlteir  employment  n»w  dis- 
coveries ;  and  we  may  take  it  ns  usually  true,  tbat  aw 
every  subrtance,  and  evei;  different  oombiuation  of  matter 
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its  foroei),  produces  difforvnt  cfTcctM,  and  cveiy  n«w 
afp<:ct  of  virwing  a.  plitnioiiii^non  Miifolds  Dfrw  truths,  so 
every  diHerent  instrument,  by  being  «mploy«d  in  one  or 
other  of  Uii-w;  way*,  may  do  so  likewiite.  Wu  must,  bowevcr, 
remember  tlsat  Uic  invention  of  a  new  iniitrumeut  often 
I  itself  depends  upon  t  hi.*  provioiis  diiicovcry  of  tomo  scientific 
LAet  or  principle ;  for  instance,  Volta  could  not  liave  in- 
Plnced  bi!<  pile  bad  not  Galvani  and  bimself  previously 
r  diiicovoR^d  tbe  tnitbx  iipiii  wliiuh  tbv  voustruction  and 
action  of  tbnt  instrument  are  based.  In  thi-t  way,  as  I 
haw  alrtfody  lomuiked,  a  principle  of  idtcmution,  and  of 
action  and  n-aclinn,  operates  in  acientifio  rewurcb :  w« 
difoover  a  fact  or  principle,  and  then  invent  an  inittru- 
mectorcxpcriuiL'iit  biuii;d  upon  it ;  then,  by  lUL-iint)  of  tliat 
in»triimi^nt  or  uxperiineut,  we  dittcover  other  new  facts, 
■ad  so  on  ;  and  in  this  way  tbu  grt-at  fubric  of  science  has 
'  been,  Is  bcin^,  and  will  continue  to  )>e  raised.  Invt-ntivu 
is  a  conditioQ  of  diu»>very.  and  discovery  is  a  condition  of 
invention:  and  in  Ma  way  invcutiuu  renders  JmuicnMcaid 
to  dt»covftry,  and  discovery  makes  invention  possible.  The 
aid  atFurded  to  the  cause  of  original  rcM^urcb  by  iustrumcnt- 
mskcrs  who  havo  improved  the  accuracy  and  |>awer  of 
iDStrumenta,  also  by  men  of  business  wlio  have  liod  con- 
structed for  coniuw^rcial  and  man u fact uriiif^  processes  in- 
stmmvntfl  (>f  great  size  and  power,  has  been  exceedingly 
great.' 

An  immense  number  of  discoveries  have  been  made  by 
means  of  new  or  improved  indicators  and  mcosiuers  of 
timet  spueo.  ntindier,  sei^iienoe,  mass,  motion,  cohuiuve 
power,  ii^ht,  bifat,  electricity,  ma^etism,  chemical  power, 
□erk'oiu  force,  mvnt^d  autiuu,  and  of  all  their  modes  of 
beiu); :  indicators  and  measurers  of  the  orders  and  speeds 
of  8uoceis»io()  in  time ;  of  the  dibtributiun  and  nrran|;cmeDts 
'  Ciw)f«i«  H.  EipcQooi'f  PrinpipU* of  Prj/eholegy,  pp.  I(10-(G3. 
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of  exisU-nccs  in  space ;  of  th«  iirrnngi;nient«  and  qiiAlitiliM 
of  inas«»  of  m^ittvr;  of  the  dii'eotion,  distiibutioo,  and    g 
amount  of  coIiMive  and  ndlieiriifo  force*;    the  directioOH 
jutcniiity,  di«triliiition,  mode  of  prajragation,  and  velodt^^ 
of  light  and  radiant  heat;  of  piic>^)ior(.>sc«nc«,  fluorescence, 
conduction,  and  convection  of  beal ;  the  distrihutioo,  dir 
tion  of  action,  inteneity  and  amount  of  electricity ; 
direction  and  velocity  of  electric  conduction;  iIh^  distr 
bution,  strength,  and   >'elocity  of  transmission  of  inag- 
ncticin  ;  thL' distribution,  nmoitut,  and  velocity  of  cliemic 
affinity;  the  velocity  nf  nervous  and  mentil  action,  &c.Aq 

The  invention  of  a  new  instrument  is  in  some  instane 
lUmoat  e'piiviilent  to  ihc  acjuiMtion  of  a  hkw  8cnHe ;   fvr' 
example,  by  means  of  the  polariscope  wo  are  enabled  u> 
perceive  u  new  cIdmi  of  phonomena  which  our  unaid 
senses  do  not  enable  iis  to  perceive  in  any  degree;  and  i 
ncarl}'  similar  remark  may  be  made  with  regard  to 
spectroscope  and  the  electric  telephone.   In  other  aiftf,  ll:4 
mvcntion  of  a  new  instrument  p-eatly  extends  the 
of  appliciittnn  of  our  j^owew,  and  tlin;*  cnalJcft  m  to  dii- 
cover  new  truths.    By  the  invention  of  the  simple  mecti 
nical  powem — the  lever,  wedge,  dcnrw,  axle,  ptdlcy, 
their  various  combinationB — we  have  been  enabled  to  ; 
dues  a  variety  of  new  meclianical  *^cct«  and  evolve  man.T 
new  truths  of   mechanical  philortophy.     By  the   inven-^ 
tion  of  the  hydro^^tatic  prvsf,  we  have  been   enabled  u^| 
apply  immense  pressure  to  liquids,  and  to  discover  Dr« 
truths  re«pcctiug  them  ;    by  the  invention  of  the  oxj-t 
hydrogen  blowpipe  and  electric  lamp,  we  have  been  ei 
powered  to  obtain  far  more  intense  heat  and  light, 
hy  meauH  of  tho«e  forces  to  make  many  now  discoveriei;' 
and  60  on  through  almost  the  entire  list  of  iiuinimenta 
we  employ.     I'he  iu«i«taiicc  of  un  inKtrumont  is  equivalent 
to  un  cttoimQus  «iL\£Xi^ciu  i^l  <iva  V!%w&,v[i  the  oxompli 
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chronometer,  Irleiiortpf,  inicmsfope,  balance,  photo- 
meter, thermometer,  tberniopile,  electrometer,  gali-ano- 
meter,  i&c;   imd   ftlmnst    m-nr  kind  of  instrument  far 
meafluring  time,  space,  to&»s,  motion,  and   their  varioiisi 
relatioDM,   all    tlic  forms   of  cnerf^,    and    rvlations   and 
nodes  of  action   of  the  forceii  of  nature.     One   of  the 
most   extriiordinury  of  rwicnt   inventions,  extending  the 
sphere  of  ufe  of  our  itenoes,  i«  tliat  of  the  telephone  of  Mr. 
Graham  Bell,  by  means  of  which  our  sphere  of  liearing  ia 
vastly  extended,  «nd  «i>oken  word*  are  iiirfanllj  repriidticed 
at  coDsiderahle  distances  by  electric  wires,     ITie  anange- 
nent   nonKists  tubsbintially   of   two  «mall   har   rleclixp- 
inagnetB,  distant   frum   each   other,  each  excited  by  an 
uniform  electric  current,  and  each  having  a  xmall  and  thin 
anoatnre  of  #liect»iron  Biipportvd  in   front  of  its  pole«i 
capable  of  freely  vibrating.     liy  apeakiug  loudly  through 
a   motithpitMx-    at   one   of  the   nrmntniwi,   the  latter   ig 
caused  to  vibrate  in  accordance  with  the  sounds,  and  pro- 
ducer, hy  induction  upon  the  magnet,  corresponding  variu- 
tiotuof  the  electric  current  in  the  wire  which  surrounds 
the  magnet.    The  variations  of  the  current  are  transmitted 
llirough  the  wire  fo  the  distant  or  second  mngiu^t,  the 
magnetism  of  which  being  thereby  varied  in  a  simitar 
manner  to   that  of  the  lirst  one,  produces  similar  and 
audible  vibratlonrt  nf  the  distant  armnture  to    thoce  of 
the  near  one.     The  vibration?  of  the  distant  armature  are 
not  only  synehronous  nith  but  simikr  in  quality  to  thosu 
excited  in  the  sending  one,  and  the  voice  of  the  individual 
penoo  speaking  can  be  recognised.'    The  microphone  is 
another  invention,  the  use  of  which  enahlesi  lu  to  detect 
extremely  feeble  vibrations  and  sounds.     There  remains 
^ret  great  room  for  eitendiug,  by  meuns  of  appropriatu 

'  TfltynfpXie  Jimriial,  Ociobct  I,  U*fi,p,MiT. 
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inventionti,  the  sphfiTes  of  oar  senses  of  tasting  and  uocll- 
ing;  but  whether  tLu  nvccswiry  tnit.h*  u|>oti  which  such 
fnvi^nlionA  must  be  baxed  have  ret  be«n  discovered,  would 
be  a  difficult  point  bo  dctvrmiiic. 

The  invviit.iou  of  new  instruments  not  onl;  enables  us 
to  extend  iraraeDsely  tho  range  of  application  of  our  seosci 
Htid  phvMtcnl  powur^,  but  is  bvgiuDing  aldo  itven  to  enluge 
that  of  our  intellectual  faculties.  invesiijiaUoQ  also  of  the 
B«i<c-utiul  conditions  and  modes  of  action  of  our  intellectual 
jKiwent,  viz.,  memory,  com parUou,  judgment,  and  inference, 
combined  wilh  advanced  knowledge  of  the  pbyriaU  sci«nca(, 
will  proliably  ('naljlu  us  befor«  very  long  to  make  great 
diccoverios  and  inventions  in  this  particular  department, 
and  to  ex1«nd  tho  range  of  the  human  iuttiUect,  iu  a  way 
simitar  to  that  in  which  w«  haw  alrt^dy  extended  that  of 
our  limbs  and  our  senses.' 

The  Ibilowlug  ai«  >iomc  exunpl«:s  of  discovei'ies  mode  by 
the  use  of  new  insirumenLs : — Torricelli  invented  the  bare* 
meter  in  1644,  and  aooa  made  by  its  uiHiHt^uou  some  vei} 
important  discoveries.  He  asked  himself,  why  does  water 
rise  in  a  vacuous  tube?  and  concluded  that  it  was  preMod 
up  by  the  weight  of  the  atmoiiphere;  and  he  inferred 
that  as  mercury  was  nearly  fourteen  times  as  heavy  u 
water,  it  would  rise  only  to  about  one- fourteenth  puta^l 
the  height,  and  be  accordin^^Iy  found  by  experiment  tiaS^ 
whilst  water  would  rise  to  a  b«igbt  of  nbout  34  iect,  m«r> 
Gury  would  only  rjfte  to  al^out  30  inches.  Ohriitian 
Huyijbcus,  living  at  tbe  same  period,  appears  to  have  bv« 
the  first  to  apply  pendulums  to  clodcs.  Otto-tiuuric 
by  the  invention  and  use  of  his  air-pump,  in  IWO, 
firmed  (be  exi!<U:uce  of  atmospheric  prncsurc.  By 
assistance  of  lireannfi,  (rasHeodi  determined  approximately 
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Uiu  vvlocitj  of  Houod.  Cttguiard  de  lu  Tour,  liy  lueaus 
of  liiii  it)'reR,  (lisoovei^  tlie  number  of  puLnatioiut  of  air 
in  a  Becond  wliicli  corruspoudt-il  to  each  pitch  of  sound  i 
and  it  w^  by  the  aid  of  g\a»a  rulers  and  pUt<-K,  and 
paper  ritif^  upon  rud^,  thut  ChlndDi,  aud  ulso  Savart, 
Mudt^  the  vibrations  ul  bodies,  and  found  varioiuii  new 
truths.  It  was  chiefly  by  means  of  the  balance  (which 
liud  not  till  thpn  been  «stensively  iist-d  in  cheiniiftry) 
that  J^avoisier,  about  the  year  1778,  tested  the  theory 
of   phlo]|istou,  and    disctivered   its  fal«ity;  he  also  di*- 

eired  that  oxygen  was  a  constituent  of  wat«r,  of  acids, 
of  ntstcd  mctuU ;  and  was  lu^]y  cn.ibU'd  to  prove 
discover  the  ntodern  theory  of  oxidation,  combus- 
tion, nnd  geniTul  chciuiL-ul  union.  By  the  aid  of  that 
instfutnent,  \\'cux(d  aud  Kichter  aUo  were  led  to  di»> 
cover  the  doctrine  of  dcSnitc  proportions  in  chemistry. 
Cavundt^b,  partly  by  the  aid  of  his  pni;uniatic  trough, 
which  he  had  invented  in  the  year  17b'5,  was  enabled, 
.  in  the  year  1 779,  to  diitcovcr  th«  identity  of  *  fixi^  air ' 
(t.^.  carbonic  acid)  from  various  sources;  the  peculiar 
properties  of  '  iu&utuuiubic  air'  (i.s.  hydrogen),  its  great 
lightnujtt,  aud  HuitabiUty  for  filling  balltjous.  Early  in 
1840,  \Vbeat*tone  invented  an  electric  chxonoscope  ;  and 
Bnk{uet'  and  Konsluutiuuff,  iu  1343,  improved  it.  In 
1S44,  Poitillet  invented  another.  Noble  and  ottiers,  in 
Kcent  times,  by  the  aid  of  similar  instruments,  liave 
dctvrmiiitHi  tht;  velocity  of  a  shot  whilnt  bt^ing  fired 
through  the  bore  of  a  gim.  * 

By  mi.'&ns  uf  bid  tclescojie,  Oalileo  discovered  the 
•econdary  light  (i.e.  that  received  from  the  earth)  of  the 
moon ;  also  the  four  mooun  of  Jupiter ;  the  phasc-A  of 
Veou« ;  Uie  spots  on  the  sun,  their  periods,  &o.  '  It  is 
well  known  that  Galileo  connLructod  bis  telescope  about 
the  year  1609,  and  proceeded  immtdiaUly  lo  %'VVM  ^^  ^ 
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the  beaTena.    The  discovery  of  the  sat«Uitee  of  Jo 
wa»  Almost  immediately  the  revnird  of  liiii  activity;  anil 
these  were  announced  in  the  "  Nnncius  SiderefB,"  pn 
li»hed  ttt  Veiiiw!  in  1610.     The  title  of  this  wdik  w; 
beiit  convey  an  idea  of  the  claim  it  made  to  ptihlio  notl 
"  Tim  Sidereal    Messenger,  annoiincin]*   ^reat   and 
vronderful  upectncleit,  and  ofTirinji;  tliem  to  Uiu  consi 
tion  of  everyone,  but  especially  of  philosopliers  and  a 
nomero;  wiiicli  Imvc  Im-cn  ohserved  hy  OulUw  GaliUiy&x^ 
by  the  aaeirtance  of  a  perspective  gla&j  lately  invented  byj 
him ;   namely,  in  the  fac-c  of  the  ntoon,  in  iunumerahl 
gtars  in  the  Milky  Way,  in  nebulous  stars,  but  eepeciaDf 
in  four  plunuU  which  rcxoKo  round  Jupiter  ut  diff< 
intervals  and  periods  with  a  wonderful  celerity;  w 
liithcrto  not  known  to  anyone,  the  author  has  recently 
luTu   the   first   to  detect,  and   has   decreed  to  call  the 
Mmiicean  etara."'    '  The9e  events  are  a  remarkable  in- 
Mtance  of  tLo  way  in  which  n  disi-ovcry  in  art   may  infl': 
ence  the  progress  of  science.' '     Hy  means  of  the  t«lew: 
which  ho  bad  erected  in  the  gardens  of  the  Quirinal 
Koine,  Galileo,  in  tbw  yiir  1611,  oWrved  dark  spot*  oi 
the  surface  of  the  sun,  and  found  that  they  changed  tbei 
forms  and  dimt^niiions,  and  (lonietiiues  raergt^  into 
other ;  other  astronomers  also  observed  the  spots  about 
the  Bame  pttriod.     The  invention  of  the  telescope  also  led 
to  improTeroents  in   the  grinding;  of  lenses,  and  tg  tlie 
Mudy  and  diwovery  of  varioui?  phenomena  and  laws  of  ligh' 

'  William  HiTschel,  a  man  of  great  e«ei^  and  in, 
nuity,  who  had  made  material  improvements  in  refleoti 
tciescojies,  observing  at  Balb  on  March  13,   1781, 
covered  in  the  constellation  Gemini,  a  Mar  larger  and 
luminous  than  the  fixed  star*.    On  the  application  of  a 
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more  powtrfiil  telescope,  it  was  Been  magnilied,  imd  two 
dajB  afterwaicU  be  perceived  that  it  had  cliaoged  iU 
plaee,*  Thus  im  UruniiB  discovered  an  a  plnoet,  *Tbe 
calculations  of  the  perturbation  of  the  planet  enabled 
Bstronamcre  to  discovor  tLat  it  liad  Ir-ch  observed  aa  a 
star  is  tliree  different  positions  in  fonner  time*,  namely, 
by  Flamsteed  in  1690,  by  Slayt-r  in  1756,  and  by  IjV 
JUoouicr  in  1769.' ' 

Wbo  really  invented  tbe  microscope,  i«  not  known 
with  eertainty,  but  Malpigbi  (in  lfi61)  was  one  of  tbc 
fint  to  make  diKOveries  by  it-4  atHisbiucc,  and  the  first  to 
employ  it  in  examining  the  anatomy  of  insect*.    Grew 
also  (about  1670)  dis«ov<;r«i  the  Blomates  in  the  leaves  of 
plaQt«,  and  both  he  and   Alalpighi  discovered  much  re- 
specting the  structure  of  the  cellular  tissue  of  plants,  by 
the  aid  of  that  instrument.     By  »iimilnr  means,  Slalpiphi 
discovered  luimy  new  facts  reitpectiiig  tlie  j^rudual  growth 
I  of  seeds;    and   Leeuwenhoeck  (about   1680)   discovered 
'  animaleuhp,  and  that  a  |>;trticle,  no  larger  than  a  grain  of 
■sand,  of  the  roe  of  a  cod-ti?ih,  contained  aliout  10,000  ova. 
*Jobn  DoUond,  in  1757,  fotmd  that  when  an  object 
was  f^'-.n  through  two  prisma,  one  of  ghixs  and  one  of 
water,  of  such  anj^lca  that  it  did  not  appear  displaced  by 
refraction,  it  was  colourless.     Hence  it  followed  that  with- 
out being  oolourvd  tbe  rays  might  be  made  to  undergo 
refraction  ;  and  that  thus,  substituting  Icuges  for  prisms, 
]  a  combination  might  be  formed  which  should  produce  an 
',  image  without  colouring  it,  and  make  the  construction  of 
^p  McAnn/Ktlif.' telescope  possible.' '     Hall,  in   1733,  had 
^pio  constructed  achromatic  lenses,  but  did  not  publish  bis 
ffiwovcry.     For  rcnuirks  rcspctling  various  improvements 
^rhich  have  Ixx-u  made  in   astronomical   apparatus   and 


«w«ll,  JIUt«r<)  of  tht  InilMtirt  iW*»M*,TOl,  11.3*4 «ai.o.Y11. 


478 


SPKCIAL   USTROnS  OF  DUCOTSftT. 


nppliancee,   I    beg   to    refer   iho    reader    to    WUewelTs 
'  HiJitory  of  thfl  IndiicUvv  Sciences,'  vol.  ii^  3rd  editio 
p.  207. 

WoIkstoD,  W  inv^mtii)!;  hie  tcfIPctiD|*  fjonioTDeter^^ 
rendi'md  ft  great  aid  ia  luiiieralngists,  enalilfd  mfttir  ilis 
coveriee  to  be  made  in  the  science  of  cryHtallo^raplij,  and 
coiidti<!(s3  larfjely  to  ita  siihsequent,  grwit  ImprovemeDU  Ited 
was  by  means  of  a  priBm  of  coIouHns  ;;la8S  that  Besearte^l 
6rtt  showed  Mint  a  beam  of  white  light  i#  Bpriawl  out  into 
a  epeclrum,  possessing  all  the  coloun;  of  the  rainbow ;  and 
XevtoD.  by  pawing  ray*  of  diffcrctit  colours  successively, 
in  the  Kam»  line  through  »tich  a  pHsm,  diwoovered  that 
esch  diHerontly-colourcd  ray  itae  differently  refracted. 
The  discoveries  of  the  polarising  properties  of  Iceland* 
spar,  tourmaline,  and  bundles  of  eheet-fclass,  led  to  tlie 
iuvcntiou  of  a  variety  of  polnriscope*.  and  by  mruDS  afj 
them  to  many  discoveries  in  optical  science.  Biot, 
4rxaminiiig  liquid*  in  long  tubes  with  polarised  light 
discovered  that  some  of  tliem  possessed  the  propertjl 
known  as  circular  polarimtion  ;  and  therefore  that  ctifI 
lalline  stnieture  was  not  a  necessary  condition  of  lliat 
property.  Scebcck  made,  independently,  the  same  di»- 
covery.  By  the  use  of  the  spftctroscopc,  invcatt-d  hy 
Fraunhofer,  Kirchoif,  and  others,  no  less  than  five  ne* 
inetAlK,  vi^.  c«-siiim,  rubidium,  thalliunf,  indium,  and 
gallium,  have  been  foimd,  and  a  whole  host  of  di*«>- 
vcrics  hove  been  mnde  rcspcctinf;  the  composition  of  the 
mn  and  other  heavenly  bodies,  ft  wax  by  ils  atudetaoce 
that  Miller  and  Ituggins,  in  1862,  discovered  that  the 
composition  of  the  atmospliere  of  Jupiter  was  partly 
like  our  own,  also  that  Mars  and  the  rings  of  Suttom 
have  atmospherea  not  much  iinlikft  ours.  By  HtmilAr 
means  they  awitrtaincd  the  composition  of  U»e  stars 
Aldcbaran,  Bete\geux  Vu  Otvuh,  ttv.<S.  ft  ?«a^v^  and  tbaL 
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their  photcritpherea  differ  in  compodition  ftvm  tJiat  of 
Uie  Run.  It  was  also  by  thv  aid  of  the  fipoctro^copi;  that 
ITuf^DX,  in  1 8tr4,  <Ii:tcovered  that  Home  of  tlie  iif^btdie  are 
renll;  gaseous,  by  findiDg  tliat  instead  of  giving  dark  lines 
upon  a  brigUt  f^uiiud,  tb«y  Kbownd  a  {nv  fiiiiitly-ltUDinoti* 
on««  on  a  dark  ground,  exactly  as  bighly-beatod  lumi- 
nous gases  do  ;  and  thus  proved  thi-  hypothesis  suggest«d 
by  Sir  W.  Her«cbel,  about  the  ymr  17flfi.  And  (tiiit* 
recently,  Crcwkes,  by  the  invention  of  his  radiometer,  has 
been  ODublcd  to  diMOvcr  Ibu  rotulion  of  bodira  by  tiie 
influence  of  heat. 

Galileo  wan  ono  of  the  first  to  make  and  employ  a  crude 
kind  of  tlit;rMiom<rt<.-r,  by  mean*  of  whioh,  in  its  more  im- 
proved form,  BO  many  new  truths  have  been  found.  In 
the  early  formo  of  that  instnimi-nt,  air  was  emjilnyud;  a 
Diitcbman,  named  iJrebtel,  introduced  spirits  of  wine 
instead ;  and  in  tlip  year  1670  mercury  bcjjan  to  be  used. 
In  1693,  Halley,  by  means  of  a  thermometer,  diKrovered 
that  the  temperature  of  boiling-water  was  a  fixed  one ; 
and  in  1714,  Pnnicl  Gubri*;!  Fafarrnheit,  of  Dantxig, 
invented  his  thermometer  with  fixed  points  of  trtmpcra- 
ture  upon  it.  The  invention  and  use  of  the  steam-engine 
also  led  to  many  new  experiments  and  diacoveriwt  respect- 
ing the  nature  and  relations  of  steam  and  of  heat.  Watt, 
in  1764^65,  made  a  syKtemstic  seric*  of  experiments  to 
determine  tlie  pressure  of  steam  at  different  teni|>eraturcB 
above  the  boilinj;-poinf.  By  a  diicovery  made  by  Melloni, 
during  an  investigation  of  the  transparency  of  bodice  to 
raya  of  heat^tknt  rock-salt  was  extremely  transparent  to  nuch 
rays,  we  were  supplied  with  Hit;  meanis  of  concentrating, 
refracting,  and  dispersing  those  rays ;  and  TynduU  was 
thereby  enabled  to  discover  tlift  degree  of  thermic  tran- 
sparency of  the  atjnospfaere  and  of  numerous  gases  and 
vapours. 
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Otto  Querickc,  by  means  of  liis  electric  nuicluDe  (com- 
poded  of  a  globe  of  nilpbur  and  a  piece  of  dutb,  aiid 
inveDlcd  about  the  year  1672),  incKiased  our  knowlfcdjre  uf 
electricity  iu  Sfvcrul  ways ;  he  discovered  t-lcclric  rppul- 
aioo,  and  »\»a  that  light  and  sound  aocompaai^ 
eluclrical  action.     Kawksbce  made  fmthvr  diiicoverie*  i 
the  same  »:ieiict*,  by  iuveiitiiig  and   tistog,  in   t]>e  y< 
1709,  a  globe  of  glais  for  an  electric  iDa<^tiie.     Bo«e,  in 
1741,  first  employed  a  prime  conductor  trith  the  machine; 
Winkh-r,  in  the  same  year,  first  introduced  the  ou«hion 
a  rubber;  and  Gordon,  in  174V,  first  einplojed  &  gl 
cylinder.    In  )74A,  botli  Klvlstand  Miiscbenbroeck  aimi 
taneously  invented  the  Leyden  jar.    In  tlie  foUowing  y< 
CuDieus  indvpomUjntly  invented  it ;  and  many  new  effi 
were  obtained  and  discoveries  made  by  its  aid,  because  i^ 
enabled  the  electric  power  to  he  collected  in  Itirge  amount. 
Canton,  about  the  year  1751,  firvt  coated  tlie  cnshion 
with   an   amalgam   of  tin,  and   discovered    that   it   wa^H 
advantaj^cous.      Hy   the   use   of    his    Ugbtniug-rod,    m9 
Daliburd,  in  tbe  year  1752,  discovered    that   electric 
sparks  eoidd   be  obtained   from  the  atmosph(.>Tr,  and  i| 
the  «iDie  yenv  both  iJr.  Frankiin  and  M.  de  Ktima«, 
titt-ans  of  their  electric   kites,  collected   electricity 
the   cloiul«,  and   discovered   that    it  was   identical  witlil 
lightning.     Volta,  in  the  year  1776,  invented  the  elec 
phonis,  and   discovered   \mrious   new   truths   in   elect 
science,  by   its   employment.     Von   Manim,   about    the^ 
same   year,  employed   a   circular  disc  of  slullac   for  an     i 
electric  machine.     Altliongh  KohiMon  in  1 769,  and  AIaye^| 
al«p,   had   partly   proved    tliat    electric    attraction    acta^ 
with  an   intensity   which  varies  inversely  a*  the  squaw     i 
of  the  dittance,   it   was  Coulomb,   by   the  use   of   bii^| 
lorsion-balaocB   and   proof-plane,  who  discovered,   about^^ 
tfae  year  17^5,  \\ov(  Vi  m«a*uvc  very  small  iiuamities  of 
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ttatjcal  electricity,  and  finally  settled  thnt  qiicKtion ;  be 
alHo  di»(.-nveiv<l  the  luwg  of  electric  distribution  on  mir- 
taoee.  In  1766  and  1787,  by  the  liidp  of  the  ame 
baiaucc,  and  the  method  of  oscillation,  he  ditcoverod 
the  law  of  variation  of  magnetism  according  to  distance. 
Bsonet  also,  in  1786,  by  emploving  his  electrD»eopc,  dia- 
OOVercd  tlie  production  of  vicctncity  by  the  sifting  of 
powders.  In  1788,  C'avallo  invented  hiti '  condenser,'  In 
1789,  Cuthbertson  invcntcii  bis  goaided  gold  potnUi ;  and 
in  1801,  Wolla:9iton,  by  using  a  similar  contiivance,  was 
enabled  to  decompose  water  by  means  of  frictional  elec- 
trk%.  About  the  year  I8il3,  Dyckhoff  first  obtained 
electricity  from  a  'dry  colimm.'  In  1820,  Rohnenbcrger 
invented  his  goId>leuf  dry-pile  electroscope,  which  enabla) 
liim  to  distin^iith  between  the  two  kind*  of  electricity, 
eren  when  in  very  minute  amounts.  It  was  by  means  of 
his  *  exploring  wire«  '  thnt  Croiw,  in  1836,  was  enabled  to 
collfwt  atmospheric  electricity  in  a  more  convenient  mao- 
ner  than  by  the  aid  of  a  Icitr,  and  to  gain  additional  new 
knowledge  respecting  it.  More  recently  also  Sir  William 
Thomson,  by  the  invention  of  bis  reflecting  quadrant  and 
abttotutc  electrometer!",  facilitated  the  discovery  of  addi- 
tional new  tTuthfl  in  electrical  science. 

It  was  by  the  ujtc  of  very  fine  gold  wir«8  immersed  in 
water,  and  piunting  electric  sparks  between  them,  that 
Paet7  and  Van  Troostwik,  in  the  year  1 7&0,  first  decom- 
posed vrntcr  into  its  constituent  gases.  Nicholson  invented 
hi!)  rotating  electric  condenser  in  th«  year  1797,  and  it 
was  by  its  aid  that  he  and  Carlisle  disoovered  the  natura 
of  tlio  free  electricity  at  each  end  of  the  voltaic  ooupl«. 
By  the  invention  and  use  of  his  pile,  in  the  year  1799, 
Volta  laid  the  foundation  of  chemical  electricity.  *  He 
procured  a  niimlier  (say  fif^)  of  pieces  of  zinc,  about  tho 
■ixe  of  a  crown-piwe,  and  m  many  |)ittc«e  vA  coy^w^^^xA 
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thirdly,  titc  Hame  niimWr  of  piewai  of  card  of  tho  nnw 
Rile.  The  cards  were  eteeped  in  a  solution  of  salt,  ao  as 
to  be  moist.  Ho  l»y«  upon  the  table  n  pioce  of  ziac, 
plikOi-K  upon  it  a  piece  of  copper,  and  then  a  pii^e  of  moiit 
card.  OvpT  the  card  is  placed  a  socond  piece  of  zin«,  then 
a  pivcf-  of  copper,  then  a  w«t  card.  In  this  way  all  the 
pieces  ore  piled  upon  each  other  in  exactly  liui  taau 
ordt^r,  nainelj,  eiuc,  copper,  card ;  xinc,  copper,  oaid ; 
zinc,  capper,  card.  So  that  the  low<«t  plate  i^i  ziuo,  and 
the  upperrnottC  U  copper  (fur  the  Wt  wet  card  may  be 
omitted).  In  thin  way  there  are  fifty  plates  of  zinc  and 
copper  in  contact,  each  separated  by  a  piece  of  wet 
cird,  which  in  a  conductor  of  electricity.  If  you  sow 
moisten  a  finger  of  each  hand  with  water,  and  apply  one 
wet  finger  to  the  lowest  zinc  plate,  and  tbc  other  to  the 
higher  copper  plate,  the  moment  the  fingers  come  in  coiw^ 
tuct  with  the  plates  au  electric  ithock  is  folt,  tbfl  iDteo«t]^| 
of  which  increases  wiib  the  nuraher  of  pairs  of  plates  is 
the  pile.  This  is  what  is  called  the  galvanic,  or  latlicr 
the  voltaic  pile.  It  wae  made  known  in  a  paper  by 
Volta,  inserted  in  the  'Philosophical  Transactiona ' 
ISOO.  This  pile  was  grudiially  improved  by  subaticultDl 
troughti,  first  of  baked  wood,  and  afterward;  of  pore 
divided  into  »»  many  cells  as  there  were  pair«  of  [dst«s. 
The  »ir.e  of  the  plate*  wiis  iiicrcuiwd,  they  were  madit 
»(](iare,  and,  instead  of  all  being  in  contact,  it  wm  fiHind 
sufficient  if  they  were  Holdercd  together  by  means  of 
metallic  slips  rising  from  one  side  of  each  square.  The 
two  plates  thus  soldered  were  slipped  over  the  diaphragm 
separating  the  contiguous  cells,  so  that  the  zinc  plate  wai 
in  one  coll  and  the  copper  in  another.  Care  was  tj>lr<>it  i 
that  the  plates  were  introduced  all  looking  one  waj.idfl 
that  A  copper  plate  had  always  a  nine  plate  imme<liate]y 
opposite  to  it.    "SVwj  wftft  ittinj  %\!«d  -nitU  conducting; 
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liquitl ;  briiitf,  or  a  solution  of  wilt  in  vinegar,  or  diltitc 
Inuriattc,  sulphuric,  or  nitric  acid,  might  be  employed ; 
but  dilute  nitric  acid  wax  found  to  answer  best,  and  the 
rncr-fy  of  the  Viattory  i«  proportional  to  the  strength  of 
the  nitric  acid  employed.' ' 

'  Ilnnily  had  the  voltitic  pile  or  hattcrj  been  invented 
(before  varioiiii  inveatigatont  employed  it  to  make  di^ 
ooveries.  In  the  j-ear  1800  NicbolBon  and  Carlisle,  by  its 
bid, discovered  the  voltaicdccompositton of  w&tor ;  Cruick- 
ehank,  in  the  !<ame  year,  found  that  the  voltaic  current 
changed  the  colour  of  litmus ;  and  Dr.  Henry  elcctro- 
lytically  decomjioKad  nitric  and  aulpliuric  acids,  and  re- 
mlved  ammonia  into  its  constituent  gases.  Ilidnger 
Bcrzclius  tilso,  in  the  yt-ar  1803,  discovered  the  phe- 
of  transfer  of  the  elements  of  water  and  of  ^■ariou* 
to  the  respective  electrodes  by  the  current.  It  was 
18  of  the  voltaic  batlf^ry  that  Sir  H.  Davy,  in  1807, 
isolated  and  discovered  the  alkali  metals.  *  Davy,  having 
fthiu  got  possession  of  an  engine  by  iiii?tins  of  which  the 
joonapounds  who^e  constituentii  adhered  to  each  other  might 
ibe  eeparatcd,  imtniKliately  applied  it  to  the  decomposition 
|of  potash  and  sod;i,  bwlicji  which  were  admitted  to  be 
)Dompounds,  though  all  attempts  to  analyse  them  had 
ihitberto  failed.  His  attempt  was  Huccex-iful.  When  a 
[platinum  wire  from  the  negative  pole  of  a  strong  battery 
in  full  action  was  applied  to  a  him|i  of  [wtash,  slightly 
'moistened,  and  lying  on  a  platinum  tmy  attached  to  the 
positive  pole  of  the  battery,  small  globules  of  a  white 
mctfll  M>on  api>cnTed  at  its  eiiremity.  This  white  metal 
ibe  speedily  proved  to  be  the  basis  of  potash.  He  gave  it 
tthe  Diunc  of  potasnuTrtj  and  very  soon  proved  that  potash 
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arte  pnrt  of  oxygen.  He  proved  eoon  after  that  soda  b  a 
uoiu[it>uiid  of  oxy^oD  uod  another  white  metal,  to  vhiob 
be  fi&ve  tbu  iiitme  of  sodium.  Lime  iii  a  conapouod  of 
oahiuvi&ac\  oxygen,  magnmaof  moj^ntfaiumand  oxygen, 
barytes  of  barium,  and  oxygen,  and  strontJa  of  «frY>nitiuiii 
ami  oxygen.  In  ttbort,  the  fixed  alkaties  and  alkaline 
eartlis  am  mvtHllic  oxid<^.  When  liUtia  was  aftermnb 
dittoovcred  by  Arfredson,  Davy  succeeded  in  deeomposiDg 
it  into  oxygen  and  u  white  mvtul,  to  which  the  name  of 
lithium  was  given.'  '  Davy  did  wA  snccocul  eo  well  in 
decomposing  alumina,  glucina,  yttria,  and  arconia  by  the 
gulviiuic  battery ^thcy  wem  not  sufficiently  good  coo- 
ductors  ;  but  nobody  entertained  any  doubt  that  tli«y  alio 
were  motalUc  oxides.  They  haro  been  all  at  length  de~ 
•omposed,  and  their  bases  obtained,  by  the  joint  nctioo 
of  chlorine  and  potai^t^iutn  ;  and  it  has  been  demonfttral 
that  tlioy  also  are  mtst-ullic  oxides.  Thus  it  has  been  ascei 
tained,  in  conseqiience  of  Davy's  original  diacorery  of  t 
powers  of  the  gulvanio  btittcry,  that  all  the  bases  formerl; 
distinguighed  into  the  four  clashes  of  alkaliMt  alkaline 
earths,  earths  proper,  and  metallic  oxidea,  belong  in  6ict 
only  to  one  class,  and  aro  all  metallic  oxides.' '  Davy 
had  a  previonn  liypolbeais  that  the  alkalies  were  componnd 
aubstances. 

Numt'ruus  butteriee,  of  improved  kinds  and  greater 
power,  were  subsequently  invented  at  various  inten-alt  of 
time,  and  a]>pli<-d  to  make  di»coveriv)i.  Amongst  other 
purposes,  their  currents  have  been  applied  to  produca 
elcctiolyEis,  until  nearly  every  elementary  substoaoe  Ittt 
btttn  »et  frtt',  and  varii)ua  new  compounds  formed  by  tliat 
method.  Hitter,  in  1812,  invented  his  *  secondary  pile,' 
.consisting  of  discs  of  copper  and  cardboard   electrical!; 
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polarised  by  a  voltaic  tnirent,  and  was  tiua  enabled  to 
aocumiihU-  the  power  at"  a  aiiiall  liallfery.  It  wis  by 
mmns  of  a  voltaic  batt«ry  current  that  Nobili,  of  Ke^iO) 
in  1826,  di»coveriii)  i-U'Plro-chromy.  Btvquerel,  ia  1829, 
invented  the  6rBt  double  fluid  battery,  having  a  porous 
diaphragm.  Danidl,  in  1836,  invented  his  <«)n8lant  bat- 
tery, by  the  use  of  wlticb,  in  tlie  iamc  year,  W.  dc  la  Rue 
di«coviT«d  that  copper  electr»-deposit«d  frciin  a  tioliition 
of  euprio  sulpb-it^  produced  an  exact  copy  in  reverse  of 
Uw  sur£ace  upon  which  it  waa  fonned.  (rrove'M  Uittcry 
waa  inv«nt«d  in  1839;  Sint-c'it  in  1840;  and  the  latter 
vw  immediately  uaed  by  itti  inventor  to  ditcover  a  large 
numbc^r  of  now  facte  in  electrolysis,  and  to  deposit  many 
of  the  metziLi.  Cioliling  liird,  aUo,  had  alr«idy,  in  1837. 
used  the  batteiy  current  to  discover  that  even  a  feeble 
ciirrt^rit  wajt  oiilScitmt  to  dopo^it  potasiiiuni  and  sodium 
into  mercury.  In  the  year  1834,  Faraday,  by  means  of 
bia  vollamder,  vae  cuiibled  to  discover  the  f^rcat  principle 
of  defioiti?  electro-clii'uiical  action. 

By  means  of  a  ma^etic  needle  Amp^,  previous  to 
September  18,  1820,  diiteovered  tliat  the  ourrcut  in  a 
voltaic  pile  influences  a  magnet  in  the  same  way  as  that 
io  the  cuuiK-ctiug  wire;  and,  by  lucanH  of  the  ne<edlo  and 
current,  was  enabled  to  invent  a  galvanometer.  Schweig^r, 
of  Halle,  invented  his  improved  gulvauomcter  during  the 
same  year.  By  inventing  aI.so  a  Kuitably  formed  helix  of 
insulated  copper  wire.  Ampere,  previous  to  November  6, 
1820,1  wait  enabled  to  imitate  perfectly  the  action  of  m 
magnet  by  means  of  an  electric  current.  Snow  Harris,  in 
1631,  firct  Ufod  the  bifilar  Huvpeusion  for  needle  magnet- 
ometers. Pouillet  first  described  his  invention  of  an 
astatio  ncodlo  in  tbc  year  1832,  and  thus  rendered  the 
galvanometer  capable  of  d<?tecting  more  feeble  currents. 
{(  wqa  by  means  of  a  combination  of  a  thetmo-^^Xi^,  ^u- 
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vaQiimeter,  and  plates  of  mica  that  Forbes  diacovered  i 
poIiiri»itioD  of  ht-at-m^'9S  Imlli  by  n-ll':;i;ti<ni  aad  rclncliu 
atW  I!<tranl,  Melloni,  and  Nobili  had  failed ;  but  waa  unable 
(in  the  year  1835),  by  a  tiKTmo-pile  and  gulvaitomet«r,  toj 
di't«!cl  any  lieat  ing  effect  in  tbe  raya  of  tlu;  moon,  even  wlie 
th«  rays  were  coooentrated  3,000  limes.  Gauss,  in  1836, 
invuntud  biv  combinutiun  of  a  bililar  suspended  magnet, 
theodolite,  and  scale,  and  employetl  it  as  a  magnetometer 
to  dii^covvr  varialionii  of  ti-ircittriiil  magnetism.  In  1843, 
Wheatatone  appears  to  Iiave  invented  hts  rheostat  (n 
Jacob!  conceived  a  aimilur  idea),  and  also  bis  etectric 
balance,  by  means  of  which  many  diacoveriv4  iti  ckvtiic 
conduction  resistaace  were  eubeetiuently  made.  It  was  by 
mcaos  of  Ibottc  iii^lrumeata,  &.C.,  that  Mallliienen,  in 
1858,  discovered  the  electric  oouductton  lesiytance  of  nearly 
all  thi-  metals,  also  of  coke,  graphite,  seleaium,  pho*- 
phoniii,  &e. ;  and,  in  1859,  that  of  nuRicron:<  alloys;  audi 
in  18G0,  found  the  effect  of  metals  and  metalloids  on 
conducting  power  of  copper,  and  that  a  minute  propor 
tiou  of  arsenic  diminishes  it  very  greatly.  Still  mor 
recently,  many  new  facts  have  been  found  respecting 
aecumulatiou  and  transmission  of  electricity  by  raL-ans  < 
those  beautiful  instruments,  the  rcSccting  eleotromc 
rcfiectiiig  galvanometer,  eli^ctric  replenit.her,  syj^ton  te-" 
corder,  £c.,  invented  by  Sir  W.  Thomson. 


CHAPTER  LIIL 

DISCOTBBT   BT   IHTRSTIOATINO   UKXI.T  ORCCMSTAXCES- 

This  method  is  one  of  the  most  successful,  and  includes  i 
iiuml>er  of  more  special  ones,  such  as  inve^igating  oeg"^ 
U-cti^d    truths    and   hyputlic«cs;   nnonialuuH,    ]>ccidiar,  or 
iiDexplatoed  tiuVhs*,  Y«cvA\ai  ^c^A '^«isri«&  vo.T&axiu(ac- 
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tiiring  an'l  other  operatiuufi ;  examining  exoeplioital,  ex- 
treme, and  conspicuous  instaDcee,  common  but  upglected 
carcum^tunccs,  puctiltar  miiuiiulii,  mre  substtuict^,  residues 
of  tDaniifaRt.iii'ing  pmcesiei,  the  anheit  of  peculiar  or  rare 
plants  and  animuk,  &c. 

a.  Hy  txaminino  lugtected  truths  aiid  hypothettt, 
—Important  tacts  and  hypotheses  are  sometimes  neg- 
lected fur  iiiuny  yean,  imlil  circiimstuiiccs  arise  to  call 
attention  to  iJiem.  The  faot«  discovered  by  Cieber  (who 
was  born  in  tbe  year  830),  that  iron,  lead,  and  coppt-r 
becoune  beaviar  l>y  U-ing  hi-atMl  to  n;(Iiicj<M  tiiid  uooIchI  in 
tbe  sir,  BO  as  to  become  oxidised;  and  by  Boyle  (dmiog 
the  sereDtocnMi  contuiy),  thcit  tin  behavod  similarly,  n^ 
maiMd  almost  unnoticed,  or  at  any  ntu  uninv<;stigat«d 
and  without  a  true  interpretation,  until  about  the  year 
1778,  wlien  Lavoixier  inferred  their  true  explauuttoo,  and, 
by  means  of  tJiem  and  similar  experiments  of  his  own, 
made  the  great  discovery  of  the  true  native  of  oxidation, 
oombti»tiou,  rt-spiration,  and  of  chemical  union  in  general. 
AvogadroV  hypothesis,  published  in  18U,  and  reproduced 
by  Ampjro  in  1814,  a:<sertiog  that  equal  volumes  of  all 
giirn  contain  equal  numbers  of  molecules,  was  also  nc^ 
leeted  for  a  long  time,  but  has  since  been  proved  by  experi- 
ment to  be  one  of  the  greatest  truths  of  chemical  scienoe. 

b.  By  examininff  ptcutiar  or  unvxplainrd  tndha  in 
8ei«ncf. — Galtieo,at  the  age  of  nineteen,  in  the  year  1583, 
observing  that  a  lamp,  suspended  from  the  roof  of  th« 
cathedral  of  Pisa,  took  the  same  time  to  .swing  Uickwardii 
and  forwards  whether  the  arc  of  vibration  was  more  or 
less,  invo*tigated  the  circumstance,  and  foimd  the  prin- 
ciple of  the  pendulum,  viz.,  that  the  period  of  vibration 
was  constant,  provided  that  the  length  of  the  string  t»- 
mained  the  same  and  that  the  arc  of  vibration  was  not 
very  large.     In  the  yoar  1389  ho  futtliei  oVustneA  V>aaX. 
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It  body,  falling  from  a  height,  descended  more  and  moi 
quickly  imtil  it  rcacbed  Ibi-  ground  ;  and  by  invci^tignti 
tlu8  eirciimittaDce  lie  succeeded  in  discovering  ttie  law 
fnlling  bodiefi,  i.e.,  what  tbv  mie  of  increase  of  relocityj 
of  liiUiD>f  wtis  for  «udi  additional  ttecood  of  time 
deiteeiit. 

Bode  liavtng,  from  calculations,  intvired  tbc  ciust«an 
of  the  orliit  o(  a  miai^ing  planet  between  tho«e  of  Man 
and  Jupiter,  it  was  resolved  at  a  meeting  of  Uenuan 
aHtronutiici^  at  Lilicutbal  in  Sajtony,  in  the  ;e*r  1800,  to 
investigate  tbia  peculiar  circum^tauce,  and  search  for  the 
supposed  missinfr  body.  Piiutzi,  aittxonomra-  in  ttic 
vatory  at  Palermo,  sought  for  it,  and  during  the 
night  of  the  year  1801  he  obi<erved  a  previouslj  ua- 
Doticed  small  etar  in  the  constellation  Taurus.  He  »ooa 
found  tbnl  it  changiHl  it«  place.  He  now  bfcame  ill,  am 
no  one  could  find  the  star  again ;  but  Gau^  from  tbi 
facto  which  Piaxzi  imd  given,  calculated  where  it  should 
be,  lookctl  there,  and  fouud  it.  Tliux  was  the  discovery 
of  Ceres  made,  the  first  of  the  asteroid*.  In  1802. 
Oilier*,  nf  Hrvmcn,  discowred  anolhcr  asteroid  near 
and  called  it  Pallas.  And,  in  1804,  Hanliiig  diHcorered!' 
Juno.  OlW-n!  then  inferred  and  tm^^-Htcd  tlie  existeneo 
of  an  exploded  planet,  l>ocaii«e  all  the^e  asteroids  or  small 
plauctii  were  altout  equidistant  from  the  sun;  and  in 
1807  a  fourth  was  found,  which  he  called  Vesta.  And 
since  that  time  additional  ones  have  been  occasionally 
discovered,  until  we  now  know  more  than  150,  all  moving 
round  the  sun,  between  the  orbits  of  Mars  and  Jupiter,  in 
thtt  njMcu  which,  ac^eording  to  fiode's  law,  ought  tocontaio 
a  planet,  f^ome  of  these  aitteroids  arc  cxcx-ivlingly  small, 
being  only  a  few  miles  in  diameter.  Pallas  is  the  laigieA 
yet  found,  and  is  iHiimt  600  miles  in  diameter. 

The  per*ist:4:Qt  \i:ix49X.\^«\Jum  q&  X.W  utx^^ilu  ^ropeit; 
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ttotible  refraction  in  a  crystal  of  Iceland  spat  largely 
nided-lhi;  di^covety  of  the  general  laws  of  liglil.  In 
the  year  1669,  Knuitnuit  BarUtlinus  pitblLihed  a  work  on 
tile  subject,  and  also  discovered  by  observation  the  fact 
that  one  of  the  images  wae  produced  according  to  the 
ordinary  law  of  relraci  ion,  and  the  other  according  to  an 
iiiniiiiary  and  new  law,  and  varied  also  iu  didcrvnt 
Wons  of  the  crystjil.  It  was  I'y  investigating  peculiar 
that  Huygbens  discovered  polarisation  of  light. 
Ie"saye:  'Before  I  <^uit  the  aiibjoct  of  tlil«  crystal  I 
will  add  one  other  marvelloiij  phenomenon,  which  I  have 
discovtmid  BJMcc  writing  the  above;  for  though  hitherto 
i  hare  not  been  able  to  find  out  its  caust!,  I  wilt  not, 
im  thai  account,  omit  pointing  it  out,  that  I  may 
give  occaiiion  to  othem  to  examine  iU'  He  then  ttates 
bfae  phenomena,  which  are,  that  when  two  rhombo- 
^Hdroiis  of  Icelmid  spar  are  in  parallel  positions,  a  ray, 
doubly  refracted  by  the  dnt,  is  nub  further  divided  when 
it  fiillH  on  the  second ;  the  ordinarily  refracted  ray  is 
ordinarily  refracted  only,  and  the  cxtraordinmy  ray  is 
only  extraordinarily  refracted  by  the  second  crystal, 
neither  ray  htJiig  doubly  refracted.  The  saine  is  still 
the  case  if  the  two  crystals  huve  their  pHnoipfd  pUene« 
parallel,  though  they  themselves  are  not  parallel.  But 
if  the  principal  plane  of  the  second  crystal  be  perpen- 
dicular to  that  of  the  first,  the  reverse  of  what  has  been 
deKrit)ed  take*  place  ;  the  ordinarily  iefruct«d  my  of  the 
first  crystal  suffers,  at  the  second,  extraordinary  refraction 
(»tJy,and  the  extraordinary  ray  of  the  first  suffers  ordinaiy 
refraction  only  at  the  second.  Thus,  in  each  of  tliese 
double  refraction  of  each  ray  at  the  second 
d  to  a  single  refraction,  though  iu  a  dif- 
ferent manner  in  the  two  cases.  But  in  any  other  position 
of  the  crystals,  each  my,  produced  by  tj\e  &T%t,  W  ^sniN^'^ 
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rcfructtKl  t>y  the  tccoud,  m>  lu  to  produce  four  raye.' '  U 
was  by  inveeit idling  the  phenomeiiua  of  doultio  refraction 
of  light  that  Mains  also,  about  the  year  1800,  found  th« 
iiam«  pri>fK:rty  in  a  l»rgi;  addltionij  nuinlMr  of  iMdies, 
including  arragonite,  the  solpliates  of  lime,  lead  and 
iMLriiiiii,  carbonate  of  lead,  corundum,  zircon,  feUpar, 
eui'Uae,  euit^mld,  cymopLa.ne,  mellite,  peridote,  and  meact- 
type. 

By  invo^tigutiug  thi>  peculiar  pb«nonieDoD  known 
Orinmldi's  fringee.  Young,  in   the  year  1801,  diwovered 
iutdfi-rencc  of  light.     He  held  a  vertical  strip  of  card 
in  a  cono  of  bnlliaut  white  Hun-light  procewllng  from  a 
toinut*  pin-hole  in  the  shutt«r  of  a  darkened  room, 
obvorvcd  that,  instead  of  casting  a  simple  xlmdow  of  it«c^ 
upon  the  wall  )>ehind,  a  m-ries  of  vertical  dark  and  bright 
btinds  appeared  in  the  space  occupied  by  the  shadov*  with 
a  faint  wliite  Inind  in  the  middle.     But  what  vra*  very 
retnarkable  vnn,  that  by  entin-ly  intercepting  that.  ]K>rtion 
of  light  which  was  parsing  by  one  edge  of  the  card,  and 
allowing  that  on  the  other  side  to  pai^x  ax  beforv,  the  bauds 
diiappejir«d  ;  and  he  therefore  concluded  that  th«  portion 
of  light  which  had  passed  hy  one  edge  of  the  card  bad,  ia 
Mime  way,  to  acted  upon  Uint  which  had  pawed  by  the 
other  as  to  produce  the  bands.     He  studied  those  etfecb^Hj 
made  ftulher  experiments,  and  tthowcd  thuL,  as  tho  dif-^l 
ferent  rays  of  light  which  pasa  roimd  eitber  edge  of  the 
card  are  bent  uneqiully  by  diffraction,  they  have  to  travoBI 
unequal  dio^tnnctis  before  they  fall  upon  the  different  pajtA^ 
of  the  shadow  -,  and  he  inferred  and  dieco\-cred  that,  in 
consequence  of  this^  the  undulations  or  waves  of  »ome  of 
the  rays  which  pass  by  one  edge  of  the  screen  etrengtben 
some,  and  weaken  otheris  which  pass  by  tbe  otlicr.     Thus 
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thoee  raj's  which  pass  by  the  two  edges  and  meet  in  the 
middle  of  tlm  sluuJow,  haviof;  to  truvi;!  ttiu  fame  dtfltanoe, 
the  crmtfi  of  their  vavea  ooioaide  with  each  other,  and 
therefore  strciijjtht-n  th«  light :  whilst,  of  the  vnys  which 
meet  at  a  little  dt$;t^nce  from  the  middle  of  the  aliadow, 
those  which  have  passed  by  the  one  edge  have  travelled  a 
(lifiereDt  distanci^  from  those  which  liavc  pa.i!ted  by  the 
others,  and  thus  the  create  of  Uieir  waves  do  not  coincide, 
Mod  therefore  int«rfere  with  and  wvaken  each  other.  Am 
also  white  light  iii  comjxised  of  rays  of  all  colours,  snd 
the  wa\'es  of  rays  of  di8erent  coloura  have  different 
lengthy  hnndii  of  diSeront  colour  are  also  produced.  It 
was  by  investigating  the  peculiar  and  unexplained  (or 
wrongly  vxplaiovd)  phenomenon  of  a  bluifih  colour  pm- 
duoed  by  white  light  in  an  ac^iieoiLs  solution  of  sulphate  of 
quinine,  and  of  blood-red  colour  in  a  green  solution  of 
chlorophyl,  that  Profesjior  Stokes,  in  the  years  18G1-62, 
mode  the  important  discoveiy  of  the  cliange  of  refraugi- 
bility  of  light,  iiiid  was  subaeiiui'uUv  l''d  to  discover  the 
great  length  of  the  invisible  portion  of  the  spectrum  of 
tb*  electric  light. 

It  was  for  a  long  time  an  uueiiplained  fai^t  that  the  velo- 
city of  sound,  as  deduced  from  theoiy  and  that  found  by 
bxperimeDt^  differed  about  one-sixth ;  hut  Laplace,  by  Ktudy- 
ingthis  circumstnnoe,  aud  allowing  for  the  residual  effect 
of  beat  product- il  by  the  transmission  of  sound,  wiu  coaljled 
to  reconcile  the  difference  and  discover  it«  true  cause. 

!t  was  investigation  of  the  peculiar  circumstance  tliat 
a  pivcei  uf  amber  which  had  been  rubbed  with  silk  piu- 
aes^d  the  power  of  attracting  a  feather,  which  led  to 
the  discovery  of  the  source  of  static  electricity ;  nod  that 
of  the  attraction  of  warm  ashes  by  a  lieated  touima- 
line  was  in  a  similar  manner  the  origin  of  the  discovcrY 
of  pyro-or  cr^vlal-clcctiicity.     By  inveatigalioi*  iVt  v**'^" 
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Uur  and  unexpUtned  ftet,  mentiottcd  by  Aristotle'  nbotitl 
341  years  B.C.,  that  the  torpedo  fish   bad  the  power  of^ 
benumbing    fishes   and   even  men,   mu   diwovcrcd    thv 
seibDce  of  animal  electricity.      It  was  also  by  can-fully 
iDveetigatiog  and  rightly  interpreting  the  peculiar  focis 
di«covtrred   by   Galviini   that.   Volta   ditvovered   chemical 
electricity.      (lalvanism  was  first  discovered  in  the  year 
1700,  tut  'animiil  electricity,'  or  n  peculiar  form  of  elec- 
tricity residing  in  the  muscles  of  animals.     Oalvaui  had 
obecned  th:it  cunvuUions  were  produced  in  the  limb  of. 
a  frog,  whenever  a  #park  was  taken  from  tlie  oonductorj 
of  a  neighbouring  electrical  machine  ;  and  subsequently 
that  twu  p:eoe«  of  diM^iuiilnr  luetul  in  contact  with  the, 
limb  of    tbe  &og   produced  a  similar  effect   wbeoerec 
■  tJiey  were  brought  into   contact  with  cacli   other.     The 
great  fact  which  tiah'ani  discovered,  and  the  itn{Kirtanee 
of  which  be  did  not  dinoover,  was  not  that  of  musculai 
oontraetion  produced  by  electric  discbarge — fur  that  wwt 
well  known,  and  had  been  observed  by  V'oo  KleLst  and 
Muschenbroeck  in  1745 — but  that  the  contractions  wer« 
produced  by  the  contact  of  dissimilar   metahi.      It  «a« 
Volta  who   first  saw   the  important  truth   contained   in 
the  latter  circumstance;    and   his   superior   inKight  WM 
probubly  duu  to  the  circumstance  that  he  came  to  the 
investigation    with   a    properly   trained   mind.     He   had  j 
studied  electricity  for  many  years,  and  had  already  iD-^| 
vented  his   well-known   oltM^trophorus  and   elvctric  coa-'' 
denser.     He  soon  found  that  tbe  oaential  condition  of 
the  phenomenon  watt  the  contact  of  dissimilar  metals  with 
a  moist  conductor  ;  and  that,  the  limb*  of  the  frog 
as  such  a  conductor,  aud  at  the  same  time  as  a  very 
tive  electroscope;  and  he  voncluded  that  what  Gulvani 
had  termed  *  animal  electricity '  should  be  called  *  metallicj 
electricity.' 
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The  pGciiliar  effect  of  a  voltaic  current  decomposing , 
water,  first  olwcrvc^  by  Nicholsou  nod  Carli^lr,  in  tlie  year ' 
1800,  ym  tbi!  origin  of  the  science  of  electro-cliewistrj, 
and  of  the  art  of  electro-deposition.      The  unexplaioedj 
oirrumtt«ncc,   notiM'd   by  Jvnkiug,  that   »  Ktrong  spark 
might  be  obtained  hy  a  voltaio  battery,  if  the  endtt  of  the 
battery  were  connecti'd  by  a  coil  of  insulated  wire,  led  to 
the  discovery  by  Faraday,  in   1834,  of  secondary  or  in- 
duced currents,  and  to  that  of  the  'extra-current,'  or  the 
iodactive  action  of  a  ctirmit  upon  itsL-lf ;  and  also  to  the 
diacovfrtf^   by  V<A'('  in  tlie  same  subject^  made  in  the 
years  1839  to'  1M2. 

The  unexplained  fact,  first  noticed  by  Mr.  George 
Fisbfr  in  (hi?  year  1818,  that  the  rate  of  a  chronometer 
was  affected  by  the  proximity  of  a  mass  of  iron ; '  and  that 
of  Arago,  in  1824,  tJiat  proximily  of  plato^  of  various 
iiuhstanceii,  e.ipecial)y  metals,  affected  the  oscillation  of  a 
magnet,  originated  Faraday's  discovery  of  magneto-elec- 
tricity. What  l»  temii-.d  '  hydro-electricity '  was  alxo 
discovered  in  consequence  of  a  peculiar  circumstance 
obecrt'od  by  a  workman  attcndiug  a  boiler  belonging  to 
the  Durham  and  Newcastle  Kailway  Co.  He  reported  that 
tlie  boiler  was  *  full  of  fire,'  because  when  he  placed  bis 
band  near  it  spurkti  were  emitted.  Mr.  Armstrong  and  Mr. 
Pattison  published  the  facts,  and  the  former  investigated 
tbcm  and  made  known  bis  n^suK'^,'  that  the  electricity  was 
produced  at  the  point  where  the  issuing  steam  was  iiubject  to 
friction  ;  and  also  that  similar  effects  might  be  produced  by 
»  jet  of  condensed  air.  He  also  constructed  for  the  Poly- 
technic Institution  of  London  a  hydro-electric  machine 
of  greater  electric  power  than  any  electric  machine  pr<^ 

'  liibrarji  of  Vnf*l  Xiwnlfrlgr,  arliclu  '  Jlagn^tiimi.'  p.  68. 
■  Sm  fMltt/tjiMml  JUa^iuint,  Octub«r  1610,  aiul  J&auai;  IMS, 
(tat«d  t)eotmb«ilV)»fl. 
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viftUMly  known.  Fnrmlay  al»o  investijrated  the  subject, 
and  confirmed  Mr.  Arnriiitrong's  tbwiy  of  the  etiUte  ot  the 
electricity. 

Nutneroits  inTeitt.iguti<«ns  of  the  poculiar  fact,  tbat 
piece  of  iruii>stose  attracted  iron  filings,  uUitoatcl 
resulted  in  the  discovery  of  the  entire  science  of  taag- 
netism.  Bnigmans,  in  1778,  nnd  M.  Lc  Bailli,  in  1829, 
bad  observed  the  anomaloai  oiroumstance,  that  biunut' 
and  antimony  were  repelled  by  a  magnet.  Becquerel  also, 
ill  1 827,  and  Coulomb,  previoniily,  bad  al^o  noticed  that 
needle  of  wood  wu«  suiuetimcs  repelled  t^  the  poles  of 
magnet-,  and  the  former  stated  that  it  placed  itse 
parallel  to  an  electric  current  in  a  wire.  And  it  was  by 
iurcKtigatiug  the-ae  ^tatementji  that  Faraday  was  led  to  the 
diwioveiy  of  diamagnetism,  in  the  year  18415,  and  to  that 
of  the  univin>aHty  of  miiguetii;m.  The  anomalous  be- 
haviour of  subatancea  also  wbtl»!t  being  weighed  in  vacuo 
led  Mr,  Crookes,  by  furtlier  research,  to  the  discnveiy  of 
the  rotation  of  iiodics  by  bent.  My  experiment  of  the 
rotation  of  a  metal  ball  upon  a  pair  of  borisonta]  ratti^ 
by  means  of  an  elcctrie  current,  oripnated  in  a  [x-culiar 
|i)ii.-iic>menon  ol»erved  by  Mr.  Fearn,  in  his  eleetro-gildii^ 
works,  viz.,  that  a  horizontal  brass  tube,  laid  iip<:in  two 
other  liorizontai  braiiN  tii1it->,  on  the  top  of  his  electro* 
plating  vat,  sometimes  moved  when  the  eiirrcnt 
pajised. 

Other  new  truths  will  probably  yet  be  found  by  inw 
gating  the  peculiar  circtimstance,  obserrcd  by  Willoughh 
Smith,  in  1873,  that  light  alters  the  electric  condueti< 
resistance  of  selenium ;  also  the  peculiar  feet  of  contrac- 
tion of  iodide  of  inlvt-r  by  heating,  observed  by  Fizeau  j 
and  a  similar  one  with  iron.'     I  have  been  informed  tJiat 
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erjsULi  of  zinc  obtained  by  elrctro-dcposition  vomHimes 
emit  light  Mponlaneoiisl^,  and  aUo  wlien  Ktnick.  I  Jiave 
seTerol  times  tried  to  obtsin  this  effect,  without  suo- 
oeie ;  and  if  it  U  a  fuct,  it  is  worthy  of  invc^tigntion. 
I  have  also  been  informed  that  a  voltaic  circuit  completed 
through  a  pcrmuuviit  sleul  magni^t  nt  one  of  its  polex 
jriclds  a  miicli  larger  spark  than  when  similarly  eompleted 
through  a  bar  of  unmagnetised  Bt«el.  The  statements, 
that  the  solar  ipcotmm  j-ield*  a  single  line,  Blijjbtly  more 
refrangible  than  those  of  sodium,  and  beloii;*ing  to  a 
new  elementary  body ;  that  the  upper  region  of  the  sun's 
coronii  gives  %  green  line  belonging  to  a  new  9ub«tDnce 
of  less  specific  gravity  than  hydrogen  ;  and  that  the  same 
substance  yields  tliree  green  lines  in  aurornH  in  the  upper 
region  of  our  atmosphere,  are  other  peculiar  pbenomena, 
well  worthy  of  investigation. 

'  Mall)'  befijit^'  Jenner  '  bad  witnessed  the «ow-pox, and 
hnd  hear<I  of  the  report  current  among  the  milkmaids  In 
Gliiuce*t<.Tshir«,  that  whoever  had  tjikttn  that  disease  was 
secure  against  small-pox.  It  was  a  trifling,  vulgar  ru- 
mour, supposed  to  have  no  signifiamcc  whatever,  tmtil  it 
was  accidentally  brought  under  tlie  notice  of  Jenner.  He 
was  a  youth,  pursuing  bis  studies  at  Sodbury,  when  his 
attention  was  arrested  by  the  casual  obserMition  made  by 
a  coiuitry-t^rl  who  came  to  hie  master's  shop  for  advio*'. 
The  suiall-pox  was  mentioned,  when  the  girl  said,  *'  I 
can't  take  that  diseaae,  for  I  have  had  cow-pox."  The  ob- 
servation riveted  Jenner's  atl^'Ution,  and  he  forthwith  set 
about  inquiring  aud  making  observations  on  the  subject,' ' 
which  led  to  the  discovery  of  the  process  of  vaccination. 

c.  By  investigaiing  un&xplamed  jihenonuna  observed 
in  manufcietiirinff  and  other  operaHang. — The  discovery 
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of  bydroH-ltolrlcit;,*  and  that  of  the  retsidation  of  electric 
signaU  liy  static  inductive  action  in  Kubmarinc  t4>legrapk 
cables,  arose  in  large  oomtoercia]  iiadertakinga.  The 
retardittion  waa  fim  ohserred  tn  the  woTking  of  tlie  cabte 
between  Harwich  and  tbe  Hague,  and  the  eaiue  of  it  wie 
found  by  Faniday,  wlio,  by  investigating  it,  diecoveivil, 
in  tbe  year  1833,  that  under  some  circumstances  the  cur- 
rent travelled  only  750  mile*  per  aecond.  Sir  William 
ThrtniBOD,  by  subsequently  invcstigatinji  the  pbenomenoD, 
discovered  that,  with  cubli^  of  «imilar  i^cction,  the  t«i 
tions  are  proportional  to  the  square  of  the  lengtiu.* 

Count  Kumford  sugg^cstcd  tliat  many  valuable 
coveries  might  often  be  made  by  means  of  tnachini 
employed  in  arU  and  raanufacturea,  if  persona  lued  tlti 
obaervin;;  and  suggesting  faculties  in  contriving  suital 
experiments.  In  illuiitratioD  of  this  he  doscribcd  bis  wm^ 
prise  at  the  great  amount  of  beat  evolved  io  boring  a 
bran  cannon  at  Munich,  and  especially  that  the  metallic 
chips  were  hotter  than  boiling  water.  Tt  wax  by 
of  further  itudy,  and  varioua  experiments  in  tbi.4  m 
that  he  discovered  what  becomcw  of  the  energy  which 
expended  in  friction,  and  wa«  led  to  the  very  im 
concluiiionB — first,  that  the  amount  of  heat  which  may  he 
evolved  by  such  meanv  from  a  given  quantity  of  d  substaaee 
by  means  of  friction  is  'inexhaustible;'  and,  iteoood, 
beat '  cannot  pondbly  be  a  material  substance.' 

ft  was  by  examining  a  particular  RpecimeD  of  man 
&ctured  oxide  of  zinc  which  had  a  peculiar  yellow  col 
that  Stromeyer  wna  led  to  lJ)e  ditwovery  of  cadmium, 
ciremnstances  of  the  discovery  are  tfaua  dederibed  by  Dr.' 
Thomson  :  '  To  Professor  Stromeyer  we  are  indebted  for 
the  di»oovery  of  the  new  metal  called  oadmiwn ;  and  the 
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discovery  doed  great  credit  to  hia  i<a^(^ily  ant!  iinalyticftl 
ikill.  Ho  is  Inspector-Ocnpral  of  the  apothecaries  for 
tJie  Kingdom  of  Hanover.  While  di^rjiarging  tlic  duties 
<rf  hia  office  at  Hildesheim,  in  the  yeuj  1817,  he  fonnd 
tlial  thu  carboiiutv  of  uuc  hiul  Ix-l-u  »ulj8titnt«d  for  the 
oxide  of  zinc,  ordered  in  the  Hanoverian  Pharmacopoeia. 
This  carbonate  of  zinc  was  manufacturod  at  Salngitter. 
On  inquiry  he  l<;amud  fioiu  Mr.  Jo^t,  who  managnd  that 
manufactory,  that  they  had  been  obliged  to  subetitate  the 
carbonutv  for  th«  ozidu  of  xinc,  ht'OtiiM-  the  ozidv  had  u 
jreUow  colour,  which  rendered  it  unsaleable.  On  examin- 
ing tJiis  oxido  Stromcycr  found  that  it  owod  its  yellow 
ooloiir  to  the  preitence  of  a  small  quantity  of  the  oxide  of 
ft  oew  metal,  which  he  ecpaiatcd,  reduced,  and  examined, 
and  to  which  he  gave  the  name  of  oodmvum,  beoawie  it 
occurs  usually  a&aociated  with  sunc.  The  quantity  of  cad- 
mium which  he  was  able  to  obtain  from  thiH  oxide  was 
bat  small.  A  fortunate  circumstance,  however,  supplied 
him  with  an  addiiional  qimaUty,  and  enabled  him  to  cany 
his  examinutiou  to  u  xttll  gix-.iter  length.  During  the 
apotheearies'  vtititation  in  the  State  of  Ma^eburg  there 
was  found  ia  the  poascasioa  of  several  apothecaries  a 
prepamtioD  of  xiiic  from  Silesia,  made  in  Hermann's 
laboratory  at  Scbonebeck,  which  was  cooiittcatcd,  on  the 
auppoKition  that  it  contained  arsenic,  because  it^  solution 
gave  a  yellow  precipitate  with  sulphuretu-d  hydrogen, 
which  was  considered  <ut  orpiment.  I'his  statement  could 
Dot  be  inditfercnt  to  M.  HennanQ,  as  it  aSected  the  credit 
ai  his  manufactory  ;  espL-ciikUy  jut  the  medicinal  couusollor, 
&olo£f,  who  had  att^ii^ted  at  the  ^isitatioll,  had  drawn  up 
a  statement  of  the  circumstances  which  occasioned  the 
oonfiecation,  and  causod  it  to  be  published  in  Jfofehuid's 
*  Medical  Journal.'  He  subjected  the  suspected  oxide  to  a 
careful  examiuatioa  ;  hut  be  could  uot  Guccei:^  \n  <Vtt\.«cX.- 
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log  any  usiMiic  in  it.    Ho  thvn  r««iui»)t«<l  Boloff  to  repeal^— 
his  experimentB.     This  he  did,  nod  now  p<!rcoiTeil  Uta^f 
the  precipitator  which  he  hud  taken  for  orpiment,  was  not 
MO  ia  reality,  hut  owed  its  existence  U>  the  prr^wnce  of 
another  metaUic  oxide,  and  probably  new.     Specimen*  of 
this  oxide  of  ziiK;,  and  of  tht-  yellow  prwipitutc,  were  sent 
to  Stiomeyer  for  esaminatioo,  who  readily  recognised  the  . 
presence  of  cadmium,  and  was  able  to  aztract  from 
considerable  quantity  of  that  metaL' ' 

Aiter   having  discovorvd    the    anontalons    mole 
movements  in  red-hot  iron  during  the  process  of 
from  a  red  heat,'  I  was  informed  by  a  machinisit  that  the" 
best  temperature  for  sliriitkiug  iron  hoops  on  metal  wbeek 
iaat  a  very  low  red  beat,  and  that  if  a  higher  tempoiatiirv 
is  employed  the  hoops  are  liahli-  to  buret  from  some  UIV- 
explaioed  cause ;  the  cause  ie  probably  connPct«d  in  some 
way  witli  the  molecular  chango  I  hare  referred  to.     The 
pleasantodour  emitted  by  good  cast  at^iel  during  the  proeeat 
of  hammering,  and  thi?  odour  of  alkalieii  in  soap-i 
are  imcxplnineil  phfuomena  worthy  of  oxaminatioo. 

d.  By  the  invent igat ion,  of  exceptional  easet. — This ; 
one  of  the  moel  iinportaut  methods  of  researrli,  b(.*cattse  iC 
leads  to  the  dUcovery  of  greater  laws  and  more  correct 
principles  thau  those  already  known ;  the  exception*] 
coses  theinsL-U'es  tieing  usually  discovered  only  by  means  of 
extensive  research.*  An  exception  to  a  general  principle 
indicates  the  exiTitenc"  of  a  wider  taw.  and  the  neceuityof 
B  new  (iefimtion,  which  will  include  Ik>|J]  the  ordinary  caM« 
and  tlw  exceptional  ones.  For  instance,  ti)er«;  are  t«o 
eict'ptions— viz.,  copper  and  zinc — to  the  statement  that 
the  magnetic  capacity  of  different  elementarv-  bodies  In- 
creases in  a  given  volume  with  the  number  of  atoms  they 
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«antnin;  there  are  aUo  »everai  weli-known  wtceptioiw  to 
tlie  general  statetDenb!,  that  bodies  i-xpnod  whoa  b«ated, 
»nd  that  a  »>\i<\  body  i*  more  freely  soluble  in  a  hot  liquid 
than  in  a  cold  one. 

In  Kome  casos  a  timpk-  and  apparently  unimportant 
exceptional  fact  completely  invalidat**.*  a  very  general 
theory ;  for  instance,  tho  long^-^stubliEhed  doctnne  that 
expansion  itt  a  direct  result  of  li^  of  temperature  is  com- 
pletely disproved  by  the  feet  that  iodide  of  silver,  whilst 
In  the  iolid  cryiftallino  state,  and  being  coolcil  from  1 6*  C. 
to  18*  C.,  enlarges  in  volume  from  1000  tfl  about  lOlS.' 
Expansion  by  heiat,  tlii?rcfore,  is  not  a  direct  effect  of  the 
heat,  btit  of  a  molecular  change,  produced  by  the  heat. 

According  to  the  principle  of  the  dissipation  of  energy, 
discovvrcd  by  Sir  William  Thomnon,  in  thft  year  1852, 
whenever  one  form  of  energy  or  force  ia  converted  into 
another  there  is  altvays  more  or  less  of  the  pon-or  con- 
vertvd  into  the  form  of  heat,  nhich  becomes  dissipated 
and  uniformly  distributed,  and  thus  rendered  unavailable 
for  further  prwluction  of  power.  In  this  way  all  kinds  of 
energy  in  the  universe  are  being  gradually  rendered  in- 
capable of  producing  mechanical  effect  or  motion.  Accord- 
ing to  this  theory,  no  known  process  of  nature  is  exactly 
and  completely  reversible ;  and  no  form  of  energy  can, 
af^er  having  been  couvi^rled  into  its  et^tiivalent  of  another 
form,  be  reconverted  into  the  original  amount  of  the  pri- 
mitive kind  of  energy.  Assuming  this  theory  to  be  true, 
it  i»  an  exception  to  tlie  general  prin<^ple  of  activity  of 
nature. 

The  fact*  that  carbon,  crvHtalline  selenium,  and  tellu- 
rium conduct  electricity  better  when  heated,*  are  also 
exceptional   casi-s   to   the   general    statement,   that   ele- 
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mcntary  solid    bodies  duninisb  in  electric  oonductin 
by  rife  of  U-mpitaturo.    TltuHe  imttunvce  ehould  be  further 
iu\t!»li  gated. 

Exceptions  would  probabljr  bo  found  to  neatly  eTi 
gi-nera)  »tati?rueut  in  science,  if  all  the  iiistaoecs 
known ;  and  in  any  rcscaicli  alrmdy  pubUsbed,  if  it  includra 
Qiily  El  *aia]\  proportion  of  the  pofsible  in»tunn-s  whi< 
might,  have  been  examined,  it  is  bighlj  protiable  that 
exti'Ddin^  tin.!  invt^etigntion  to  all  the  additional  cases 
exceptional  ones  might  be  found,  and  a  new  and  vidi 
conclusion  be  thus  discovered,  lliere  appear,  horn- 
to  he  some  Mtutt^mcuts  to  whiob  thcTu  arc  no  known 
exooptioRs  -,  for  instance,  the  united  bulk  of  ^cvt-nil  gssct 
or  liquids  wkcn  mixed  is  never  greater  than  when  they 
are  Hejiarale.  Such  Ktatement«  are  usually  iniponaot 
onee. 

e.  B}/  examining  exireTM  eates  and  conty>iau»a 
instaiieee. — By  experiments  with  very  highly 
gaacB  and  extremely  dilute  i^olutions  many  valuable 
have  been  discovered,  and  our  knowledge  of  tbv  moli 
constitution  of  bodies  has  been  much  extended,  becau« 
the  inaleouleH  are  then  more  isolated  from  each  other's 
influence  and  from  other  disturbing  causes.  The  phcno- 
meoa  of  electric  discharge  and  optic  spectra  in  rare&ed 
gases,  rotation  of  bodies  in  rarefied  media  by  m«iiu  oT 
heat,  Qraham'fl  discovery  of  OKmo«r,  &c.,  are  instances  of 
this  kind. 

Couvpicuous  instances  also  are  extremely  valuable  u 
sources  of  new  discoverie*,  because  they  enable  ua  to 
examine  not  only  the  more  prominent  effects  and  fcatuns 
of  a  phcoomenoD  in  all  their  phases,  but  also  the  effects 
the  more  recondite  and  feeble  influenoea ;  and  tltoso  i 
often  the  most  important,  because  they  discJose  the 
general  Xnyt*.    IX  ia  ■5t<i\)io\^  \>waM!#i  tit  tlwi  Qxccseivel 
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feeble  effect  of  gravity  upon  the  pliyBical  forcea,  and  our 
ignoruicQ  of  a  suf&cirutly  couspicuous  instance  of  such 
4rfi«ct,  Umt  sn  cxperiroental  connection  between  the  two 
bss  not  yet  been  diecovfrtnl.  SimiUir  methods  miiy  be 
cmpbiyed  for  the  discovery  of  extreme  caaes  and  cnii«pieitou» 
initance?,  aa  have  already  been  recommended  for  that  of 
vxcoptionoi  oDC«.' 

/.  Bj/  examininfj  comviem  but  negl«cteil  suhatances. 
— Thsro  i»  Qothing  iibHolutely  worthless  for  thw  purposes 
of  discoveiy.  Glauber,  the  chemist,  a  discoverer  of  Beveral 
diemical  compounds,  mid  he  made  it  a  rule  to  examine 
what  every  other  chemist  threw  away.  Oxygen  was  one*  a 
DegleeCed  though  common  Hubetancc.  Eck  dc  Sulsbach, 
nearly  300  yeant  Ix-fore  Priestley,  heated  iiix  pounds  af  an 
amalgam  of  silver  and  mercury,  and  converted  the  latter 
into  U  red  oxide  looking  Uki^  cinnabar;  and  he  riMiiarkerl, 
'A  spirit  is  united  with  the  metal ;  and  what  proves  it  is 
this,  that  this  artificial  cinnabar,  submitted  to  distillation, 
disengagis*  that  ^irit.'  The  *  spirit '  was  oxygen.  Whe- 
ther Priestley  knew  or  not  of  this  experiment  wc  cannot 
tell ;  but  in  the  year  1774  he  placed  some  oxide  of  mer- 
cury upon  the  top  of  quicksilver,  in  an  inverted  glass 
tube  Elled  with  thub  metal  and  standing  iu  mercury,  and 
heated  the  oxide  by  means  of  a  glass  lens  and  the  sim'e 
rays,  and  obtained  a  gas.  When  he  first  obtained  it  he 
did  not  know  what  it  was,  and  called  it  'nitrous  air,' 
becnitse,  like  that  compound,  it  rekindled  a  red-hot  splint 
immereed  iu  it;  and  he  bad  to  investigate  its  nature  by 
meauH  of  additional  experiments  before  be  found  what  it 
really  was.  Similarly,  by  investigating  the  common  sub- 
stance black  o*ide  of  manganese,  Scheele,  in  the  follow- 
ing year,  alio  discovered  oxygen ;  be  further  discovered 
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chlorine  in  a  somewhat  Buiular  manner,  vix.,  Ly  beatiig 
black  oxide  of  manganese  vith  liydrocblorio  acid, 

Tb«  iiiflar»iiiabl<>  g:aa  (now  c»1Ih]  hydrogen)  erotved' 
&oin  metaU  inuuenH^d  in  acids  was  also  a  neglected  oommoa 
HiilHttanou,  and  had  long  bii.^  known ;  hut,  in  tlie  yrtt 
1781,  Cavendish  and  Watt  showed  that  this  gas,  by  tmii 
lug  with  ox}'gi-tt  in  Ijiirniu^,  produced  water ;  and 
ynrd»  LarotBter  decomposed  water  into  it«  elements 
sod  subse<iu(;ntly  also  Humboldt  and  Gay  Lussac  di 
coverod  thut  one  volumo  of  oxygen  unites  with  exact 
two  volumes  of  hydrogen  to  form  water.  Other  inveati- 
gators  had  pR-vioiiKly  found  different  proportions. 

The  h<-;vvy  iiiiitifiiiuimiil:)leg!i!*{(;arlwui<'acid)  produced 
from  limestone  and  in  fermentation,  was  well  known  to 
Paracelsus  ami  Van  Helmont,  and  was  flub«-qucntly  ci- 
amiiitxl  by  Hales,  Black,  Priestley,  and  Bergmann ;  but 
Lavoisier  showed  it  to  be  composed  of  carbon  and  oxygen, 
and  also  wan  the  first  to  prove  carbon  to  be  an  elomcn' 
Soheele  and  Priestley,  by  investigating  common  air, 
covered  that  the  atmosj>lieri!  can!ii»ted  of  two  kinds  of 
one  only  of  which  supported  life.  Dalton's  chemical  theoij 
of  the  rule  of  mulliplc  combining  proportions  of  bodies, 
in  accnrdanoe  with  his  theory  of  atoms,  was  suggeiited  ij 
his  i><cperiinentul  in\-cstigation  of  ole&aot  gas  and  carbu- 
retted  hydrogen. 

Anhydrous  hydrofluoric  acid  was  also  loag  a  neglected 
siihstance.   Several  chemiata  of  the  greatest  eminence  made 
limited  inve»1igiitioiisof  it^but  soon  discarded  tlicsubj 
apparently  on  account  of  the  extremely  dangerotis 
of  the  !iiK*l»iiC(; ;   tJii;  author  then  investigated  the 
curded  body  during  a  period  of  about  nine  yeani,  and 
enabled,  by  the  combined  use  of  vessels  of  platinum  and 
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panffin,  to  iswlate  tb«  pure  ^l>Ktance  ^nd  discover  it« 
chief  properties.' 

g.  By  invMliguting  peculiar  minerak, — Similar  pro- 
of couciMilrution  to  ttiose  employed  iii  ibc  artH  occur 
the  grandoat  ftcale  in  the  operationR  of  inoi^^jo 
I,  upun  tbe  surface  and  id  the  interior  of  the  earthy 
detei'iuiDe  the  occurritnce  of  particular  siibcttiiDCCs  !u 
certain  lociilitics ;  and,  in  consequeuco  of  thin,  ail  peculiar 
•olidH,  lic^uid^  and  gaae»  found  in  sui^h  pl:ic»t  uv  wortii; 
of  eraminnt  ion,  and  especially  the  stiU  further  concentrated 
residucD  of  the  toanufiurturing  tri-utment  of  such  bodiv«. 
We  know  that  bromine  ia  concentrated  in  the  Dead  Sea ; 
borate  of  .«i)da  in  Death  Valley,  California  ;  tvlhirium  ill  the 
gold  ores  of  Hungary  j  selenium  in  certain  copjier  ores  of 
Cuba ;  thallium  iu  certain  mineral  springs  in  Cornwall  and 
the  Knrtz  Mountains ;  vanadium  in  certain  doposiUi  in 
Cheshire  and  in  Scotland :  lithium,  rubidium,  and  Ciesium 

I  in  the  Icpidolite  of  Mount  Hebron,  U.S.,  America ;  indium 

U^tlie  xiuc  oi'e»  of  Frielierg,  &c. 

^H  The  processes  by  mcanii  of  which  minute  iugrodicnts 

^^■^tiuruUy  and  may  be  artitioiully  couctinlrated  depend 
q^m  Uie  properties  of  the  substances.  Those  snbstancea 
which  are  volatile  lire  obtained  artificially  by  distillation 
orsubUinatioo;  soluble  ones  are  obtained  by  digeiiUon  in 
liquid-s  filtering,  and  evaporating  the  solution  ;  hxed  ones, 
by  expelling  foreign  bodies  by  means  of  heat  or  com- 
Imgtion;  elMrtru-positive  ones,  by  solution,  and  stirring 
tlie  iit^uid  with  a  more  positive  metui,  or  by  tho  ordinary 
precipitation  proce«m>s  of  chemical  analysis.  It  was  ia 
oonsvqucuce  iif  long-continued  contact  of  the  copper  shcath- 
iDg  of  ships,  sailing  to  and  fro  duriug  several  ycius  on  the 
western  coast  of  South  America,  that  silver  was  discovered 
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in  the  (tea-wnter  of  the  PaciBc,  the  copper  ha^'ing  dis- 
wU-od  and  the  silver  Vwidr  precipitated  upon  it  hy  t'lecuo* 
dieroical  action.  A  peculiar  eub<itanc« — '  the  red-lead  ore 
of  Siboria — liml  early  drawn  th«  Htt^Mttion  of  clicmirts  OD 
aneount  of  itci  hfauty ;  and  variom  atempta  had  been 
made  to  analyse  it.  Among  otbcre,  Vauquelin  tried  his 
Kkill  iijinn  it  in  17f4D,  in  concert  with  M.  Miiojitart,  who 
had  brought  epecimens  of  it  from  Siberia ;  but  at  that 
time  hr  did  not  Kiicceod  In  determining  the  nature  of  the 
acid  with  which  the  oxide  of  lead  was  combined  in  it 
Re  esniiiined  it  again  in  1797,  and  nioceedvd  ia  tepi- 
rating  an  acid  to  which,  from  the  beautifully  coloured 
sbHk  which  it  formic,  he  gave  the  n;imu  of  cliromic.  He 
determined  the  properties  of  this  acid,  and  Hhow«d  that  it* 
basis  was  n  now  metal,  to  which  he  gave  the  name  of 
ehwnium.  He  mcoecdcd  in  obtaining  this  metal  in  a 
separate  state,  and  showed  that  its  protoxide  is  an  exceed- 
ingly beaatiful  green  powder.  This  discovery  has  been  nT 
very  great  importance  to  ditTert>nt  branches  of  maon&cttin 
in  this  country.'  Also, '  VauqueUn  was  requested  by  Hafl; 
to  analy:«  the  hrryl,  a  lieaiitifu!  light-green  miner^, 
tallised  in  six-sided  prisms,  which  occurs  not  unfreqoeal 
in  graiiito  rocki<,  especially  in  Siberia,  He  found  It 
ooDsist  of  silica,  united  to  alumina,  and  tx>  another  earth 
body  very  like  alumina  in  many  of  its  propertie)^  bat 
differing  in  others.  To  this  new  earth  he  gave  the  name 
of  f/ltivina^  on  account  of  the  sweet  taste  of  its  raits,' 
'This  discovery  of  glucina  confers  honour  on  Vauqtieli 
as  it  shows  the  care  with  which  his  analyses  must 
In-cd  conducted.  A  careless  experimenter  might  ewili 
have  oonfounded  fflucina  with  iifumirta.* ' 

A.    By  txamining  rare  whstanMs. — A«  every  new 

'  Thonion,  nUtoTK  i>f  (IkflNuftv  «!■ ".  9-  SI*. 
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,  &nd  every  n«w  combination  of  gubstaiiKBt  n)nsb| 
pfWmnn  now  proptTtitf*  (otlifm'i.t«  we  <'Oul<l  nut.  know  tbcm 
to  be  Dew),  and  produce  new  effects,  ho  it  followa  that  rare 
or  peculiar   fiubstonccs  aro   fertile   eoiirccs  nf  new   di«- 
eorvricM. 

Various  important  discoveries  were  made  in  tbermo- 
etectricitf  bj  Peltier,  MalthiesdCD,  and  otliem,  by  the  aid 
of  Uie  comparatively  scarce  *nbstanoe!i,  tellurium,  sele- 
nium, and  bismuth.  Roecoe,  by  investigating  compounds 
of  vanadium,  divcovorud  tliat  that  element  w;iii  closely 
allied  to  phiisphonui,  and  determined  iui  true  ntomie 
wffipht,  and  found  tJiat  tbe  weight  given  by  Derzeliua 
wu  not  an  tipcumtft  one.  Arfved»»n  disoovt-n-d  Hthiu  by 
analysing  petatite  and  spodumene.  It  was  by  minutoly 
Uuuutning  tbc  zinc  ores  of  Frieberg  tbat  Beicii  and  Richter 
duoov«r«d  indium  ;  and,  by  similarly  examining  the  xinc 
ores  of  tbe  Pyrenees,  Boisbaudian  discovered  gallium, 

AiUsr  e.  n«w  BubsCance  is  discovered  in  one  particular 
place  or  rare  material,  it  is  frequently  found  in  a  great 
many  others.  Thus  tho  selenium  of  Fahluu  was  soon 
found  in  the  curious  and  rare  products  of  tbe  Hungarina 
mioee,  and  in  the  sublimates  of  Mount  Stromboli.  SooQ 
afler  thallium  was  discovered  in  one  substancft,  it  wa>' 
found  in  many  others ;  and  a  tiimilar  remit  occurred  with 
rubidium  and  caesium. 

i,  liy  elimination  of  the  residiuig,  &e.,  of  manu- 
facturinff  proc«a»t8, — This  method  has  on  many  occasions 
1«I  to  tho  discovery  of  new  truths  of  science,  and  eape- 
oially  to  the  discovery  of  new  elementary  vubsUinccs.  By 
exiuniniug  the  solution  of  crude  platinum  in  aqua-regia, 
obtained  in  bi--<  pri>ce*if  of  manufacturing  that  metal,  Dr. 
Wollaaton  dis<overed  palladium.  Smitbaon  Tennant.  also, 
in  the  year  1802,  tried  bo  alloy  with  lead  tbe  powder  left 
from  native  platinum  after  a  solution  of  all  tbe  plntiDUm 
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with  aqua>ref^a ;  and  Doscotilo,  li;  further  examining  tJits^ 
pontli^r,  found  that  it  contained  a  metal  which  iiti|tartci^| 
&  red  colour  to  the  ammonincnl  precipitate.  Vauquelin, 
by  trivttinf;  (be  powder  with  alkali  and  heat,  fouad  & 
metallic  oxide,  which  he  considered  to  be  the  same  aa  that 
diKsovt'rwi  by  D»^»(;iit,il* ;  but  T^Tiiuinl,  in  18tM,  (inaUj 
showed  thai  tlie  powder  really  contained  ttco  metaU,  viz., 
osmium  and  iridium.'  <  Hit«chcrlich  himwlf  found,  in 
tlie  iicoria-  of  the  rnine^  of  Sweden  and  Germany,  artifi- 
cial mineral!;  having  the  ame  composition  and  the  same 
cry«t«illiiu!  form  with  natunU  minerals :  a:i  8tlicate»  of  iron, 
time,  and  mii^iesia,  agn^eing  with  peridots;  binilicato  of 
iron,  lime,  and  magnesia,  agreeing  with  pyroxene ;  red 
oxide  of  copper ;  oxide  of  zinc ;  protoxide  of  iron  (fer 
oxyduI4);  aiilphiirels  of  iron,  zinc,  lead,  ameniiuret  of 
nickel;  bluck  mioa.  These  were  accidental  results  of 
funion.'  * 

Investigation  of  the  concentrated  reaiduM  of  1arg«' 
tnauufucturiiig  operations  often  yiuld  new  diacoTerics,  be- 
cause substances  which  eiiittonly  in  very  minute  proportioDf 
in  the  crude  or  native  materials  of  a  manufacture  freqiienttf 
iM^ro me  concentrated  to  m>  great  an  extent  by  the  processes 
employed  that  they  become  conspicuous.  The  concen- 
tmled  rc!t-iducs  of  Courtois's  manufacture  of  saltpetre  ao 
acted  upon  the  vessels  ho  employed  that  he  wiu  induced 
to  investigate  the  circumstance,  and  thus  disoovtsred 
iodine.  Kalard,ft]ao,  by  analysing  the  concentnted  mother- 
liquor  of  sea-water,  was  ted  to  the  discovery  of  bromine. 
By  analysing  titc  residue!!  of  the  vitriol  works  of  Fahlon, 
Berztrlius  dii*covered  sttlenium.  Th«  concentmtion  of  UuJ- 
lium  in  the  process  of  burning  sulpluir  and  iiiilpbides 

•  8*0  Thomtmi.  THitory  of  nt^mijfry,  voL  II.  p.  931. 

*  WhuwoU,  i*fli[«ID}l^y  «^  tU  Inducttec  Scitnatt,  rol.  I,  p.  tXtL 
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the  maDiifactiire  of  oil  of  vihiol  enabled  Crookes  to  tlUcover 
.  Uuit  mctiil  Id  thi:  (tuc-dtist  dcpoEited  during  that  proceas. 

Profe^or  BunHen,  aUo,  hy  concentraltug  a  great  bulk 
'  of  the  water  of  a.  mineral  spring  at  DHrckheini,  was  led  to 
thv  discovery  of  two  ii«w  nlkuli-iuctulK,  viz.,  cii^ium  and 
rubidium.     The  more  soluble  substances  in  the  brine  of 
ealt-wr.irUs  bccom<.'  immuiistOy  conoentrated  by  continual 
boiling  and  removal  of  the  Icx-j  suhibk*  salts*.   During  a  long 
iea  of  yeaTH  of  evaporation,  in  this  way,  and  by  furthor 
[timiliir  trwitraciit  of  thi?  brine  of  Stoku-Prior  saU-worka, 
t»nd  reduction  of  it  to  a  very  minute  nmnmit— Itss  than  one 
ItbouEand-millioiith  pnrl  of  ite  original  bulk — I  have  been 
enabled,  with  th«  further  iijd  "f  ttie  si>ectroscoiii>,  t"  dis- 
cover the  presence  of  several  alkaline  metals  (but  no  new 
ones)  not  previoti»ly  known  to  be  contained  in  it ;  and  by 
Vftshing  with  water  large  bulkH  of  crude  substances,  such 
as  chalk,  sand,  tire-clay,  Ac,  and  concentrating  the  liquid 
in  B  similar  manner,  I  have  found  minute  quantitie.i  of 
talta  of  lithium. 

j.   By  examining  the  ashea  of  rar*  plants  and  ani- 

male- — Special  opening  for  discovery  lies  in  lhi»  direo- 

tion,  because  wo  know  tbat  each  different  species  of  plant 

pos»c«sr^  sjiecial  powers  of  nasi  mi  hit  ion,  which  enable  it  to 

•elect  particular  ingredients ;   this  ia  particularly  seen  in 

L  tJie  ability  of  eca-weeds  to  appropriate  iodine  and  bromine. 

I  Similar  remarks  may  he  made  with  regard  to  the  secretions 

land  ashes  of  animals,  which  notably  contain  phosphorus; 

[it  mus  the  distillation  of  dried  urine  which  led  to  the  dis- 

tcoi'cry  of  that  element,  and  the  analysis  of  the  a^bes  of 

Lliones  which  further  led  to  its  abundant  production.' 

'  Ttio  earlli  of  bbiie«  tiiul  beni  coiisit1ur«0  hh  b  iwculiai  timpis 
«Mtli :  but  QahD  ••Mrtnlaeil  by  )tna1)-«is  tJiat  U  wm  s  oompound  of 
pbocphoric  add  uid  llnu.*— IhomaoD,  HUtary  tff  ChemUtrji,  vol.  It 
p.  M3.  - 


SPECIAL  USrUODA  OF  DlaCOVElT. 


CHAPTER  LIV. 

DISCOVBBT   BY   BEVlelNO   irrPOTnESRS  AXD  QUBSTIOSS,  ASD 
TESTING    TilEM. 

As  stud)',  comparison,  and  inference  often  Icud  to  tlw  dLi 
covcry  of  tnii;  explxniiUnn*  of  pbeDomena,  and  aim  to  Uie 
conception  of  new  tbeories,  hjpotb«w«,  and  qututioBs,  w, 
on  the  other  hand,  tho  httti^r  are  often  the  cau»e  of  new 
expert mentii,  observations,  Hn<l  discoveries.  The  method 
of  diecovery,  by  a^-lcing  qui'stious,  and  then  attemptiag 
to  mire  them,  U  very  Kimilnr  to  that  of  raUing  hy|>oLheaM 
and  testing  them  ;  and  the  only  difTerenoe  is,  tliat  in  tlw 
latter  ca«c  vre  haw  already  concoirod  on  imaginary  anxrer, 
but  in  the  former  we  may  have  no  preconceived  idea  of 
what  the  answer  will  be.  M 

Tbc  method  of  <ii.-«-ovi-ry  by  eonceiving  new  tlioories,^ 
hypotheses,  and  questioug,  and  testing  them,  is  a  very 
common  one.    Many  reawirchcs  arc  commenced  in  order  b> 
M^ttJe  a  preconceived  idea.     Cnrioaity  excites  in<]iiiry,  aad^ 
a  fitvcntrite  hj-potheeis  or  question  is  a  powerful  stimulainH 
to  resvarvh  and  to  tbu  making  of  neir  cxpcrimrute.   Hypo- 
theses and  questions  are  eoiiofived  in  various  ways,  but 
chiefly  by  association  of  ideas  and  by  inference,  as  already 
dt-sorihwi  in  Chapter  XX XVI [. ;  and  thcj  arc tettod  either 
by  comparing  them  with  alri>ady  known  truths  or  with  new, 
once,  the  latter  being  obtained  in  the  usual  way,  via., 
meanfl  of  new  esperimenta,  obsenations,  compariwyn, 
inference.     Salton  discovered  his  atomic  theory  by  comi 
ing  known  facts  with  an  hypothesis  he  had  inferred ;  and 
he  did  this  at  a  time  when  circumstance*  were  suffieientiy 
ripe  for  the  purpose,  ».«.,  when   knowledge  of  chcmt5tij 
had  siiflScienUy  ndvMiceiii.  i 
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be  hypotheses  and  cjupations  chiefly  ivferrfd  to  at  the 
head  of  this  chapWr  arc  those  which  fono  the  atariing- 
point  of  a  research,  and  to  settle  whidi  a  nrscarch  is 
made  :  but  we  must  remember  that  during  the  progr«iii(  of 
every  single  invcstigtitiou  many  hypotheses  and  questions 
an  tiRually  raised,  and  niiiny  diwovorics  arc  niadv  wbiUt 
■^toting  them,  all  of  which  are  subsidiary  to  the  settlement 
PKtbe  main  idctu  which  originated  the  intjuir}'. 

There  are  many  liyputheA^  and  qiieKliong  whicli,  from 
their  very  nature,  aie  of  great  importance ;  and  if  the 
experiment*  made  to  lest  tliem  yii.-ld  an  answer,  either  tor 
or  against,  the  reault^  must  also  be  of  great  value ;  but 
in  such  cusc»  this  mctliod  of  discovery  is  often  very  un- 
oeitain.  Harvey  was  nineteen  years  verifying  by  experiment 
and  observation  his  theory  of  the  circulation  of  the  blood. 
Newton  was  many  years  trying  to  verify  bis  bypotheids 
of  the  law  of  action  of  gravity  before  he  succeeded ; 
Oersted's  experience  was  similur  with  his  conception  of 
elet^lni-miigiK-tism  ;  and  Karad;iy'*  not  uuUke,  willi  his  idea 
of  the  relation  of  magncf.iam  to  light,  I-'araday  also  BUc- 
cMsftilly  sought  to  determine  bis  hypotbe«is  of  the  iden- 
tity of  frictional,  voltaic,  and  animal  electricity,  in  ordir 
to  obtain  *  the  decision  of  a  doubtftd  point  which  interfered 
with  the  extension  of  hts  ^iews,  and  destroyed  the  strict 
ness  of  reasoning ; '  but  even  after  many  years  of  trial  he 
did  not  suocved  in  vtrifying  hi^  hypothesis  of  the  relation 
of  gravity  to  the  physical  forces.  Many  hypothe«i;4  in 
^■ieucc  have,  bowi^vor,  been  suocetisfully  verified. 
^P  In  order  to  test  the  hypotheMii  of  an  exploded  plaiiut, 
H^e  Gorman  astronomers  agreed  to  examine  the  whole  of 
T&r  zone  in  which  Cer»s  and  Pallas  move,  in  the  hope  of 
finding  other  planets — fragments,  as  (Jlbers  conceived  they 
might  possibly  be — of  an  original  mass.  In  the  course  c£ 
this  search  Mr.  Harding,  of  Lilientbal,  on  6«^\.<ai^)fct  \^ 
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1804,  found  &  new  star,  which  he  soon  was  led  to  oonnder' 
lis  a  planeU  Gause  and  Burukhaixlt  aUo  calculated  ihe 
elemenU  of  \t»  orbit-,  and  the  plantit  was  named  Juno.' 
*  Aft«r  thia  discovery  Olbers  Bought  the  sky  for  additional 
fragments  of  his  plnni^L  with  <?xtnu>rdiuaij  p(!r«evorance. 
He  conceived  that  one  of  two  opposite  constcllatioDSr  the 
Virgin  or  th«  Wlmlc,  witK  ttie  place  where  its  separatJoa 
miwt  liiivc  taken  place  ;  and  where,  therefore, nil  the  orbits 
'  of  all  the  portions  muBt  pass.  He  resolved  to  survey,  Chiw 
times  a  ywir,  all  the  «nall  rtaw  in  thcwc  two  regions.  This 
undertaking,  so  curious  in  its  nature,  was  sucoes^l.  On 
March  '29,  1807,  he  discovurvd  Vesta,  which  was  soon 
found  to  be  a  planeL  And  to  show  tlie  manner  in  which 
Ollwra  pursued  his  labours,  we  may  state  that  he  afl^jr- 
wards  published  a  notification  that  he  had  examined  the 
same  parts  of  the  heavens  with  such  r^ularity,  that  bel 
was  certain  no  nvw  plunct  bos  passed  that  way  betwecaj 
1808  and  1816." 

It  was  by  means  of  bis  hypothesis  of  the  propngntion 
light  by  uudulntiona  that  Hiiygbens  was  led  to  di^over 
the  law  which  regulates  eitraordinary  refraction  in  doubly- 
refracting  HubstanccM ;  an<i  that  Brewgt«r,  Biot,  Fresael, 
and  Arago  were  enabled  to  explain  the  more  complet 
phenomena  of  this  kind  in  biaxial  crystals.  It  was  by 
asmming  that  polarization  of  light  might  be  produced 
))y  other  meaus  than  those  already  known  tliat  Biot  and 
Seebeck  wwre  led  in  discover  that  tourmaline,  in»tead  of 
giving,  by  double  refr.ictiou,  two  imi^<s  oppositely  polar- 
ized, gives  a  single  polarized  image ;  and  tliat  Brewsttf  ^ 
discovi-red  a  partially  siiuiliu  property  in  agate.  H 

In  order  to  test  the  commonly  i>eli<*vfd  hy^KiUiesis  tlart^ 
the  yellow  or  most  hmiinous  of  the  sun's  ray;*  wt-re  tbe 
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aottctt',  Sir  M'.  Hcrschcl,  in  the  year  1800,  t'S^miaed  the 
Bolir  spectrum  with  a  thermotufWr,  and  discownwi  tliiit 
the  h<^teBt- rays  were  not  in  the  risible  spectrum  at  all, 
liut  w«n*  jittt  beyond  its  red  esfremity. 

Faraday  aBstimed  the  hypothesis  that  a  wire  conveying 
tm  electric  current  would  charge  u  nvighbourinj;  wire  with 
otattc  electncity  by  induction,  and  tried  in  the  yp-ar  18^5 
to  verify  it  by  means  of  experiment.  \VbcaistQne,  bs- 
sumioK  tlic  pii««ii}^  of  electricity  to  occupy  time,  dcvttied 
and  made  an  experiment  in  the  year  1834  for  testing  it, 
*by  catching  in  a  mirror,  whilst  revolving  on  a  horizontal 
axis  at  the  rate  of  800  times  in  a  second,  three  electrical 
sparks  produced  by  the  discharge  of  an  eleutricid  jar  jn  an 
int^irniptvd  circuit,  the  interrupt  inns  being  at  encli  end 
and  in  the  middle  of  the  conducting  wire.  In  this  ex- 
periment tho  caitrc  Hpiirk  fell  out  of  thu  Hue  of  the  other 
sparks  by  half  a  degree  of  the  circle,'  through  which  tiie 
mirror  had  revolved  iu  the  iutvn'iil.'  Coulomb  sought  to 
verify  his  hypothesis  of  universal  magnetism  during  the 
year  1802,  but  found  all  bodies  point  axiiiUy  with  regard 
to  the  poleit  of  a  magnd.*  Tyndall,  also,  in  1 8>^6,  by  devi^ 
ing  and  making  suitable  experiments  to  test  the  hypothe- 
Bis  of  dia magnetic  polarity,  diNcovercd  that  diamsgnetieod 
bodies,  like  paramagnetised  ones,  exhibit  that  property. 

Cavendish  discovered  in  1 784  that  wlitm  common  air 
if  u»ed  to  support  the  combustion  of  inBammalile  air  (i.e. 
hydrogen),  a  dew  la  formed  in  the  appanitus,  and  inferred 
that  ^almost  nil  the  iuflammabie  air,  and  onivfiftli  of  the 
common  air,  are  turned  into  pure  water  ; '  and  stated  that 
his '  experiment*  were  made  principally  with  a  view  to 
Jind  out  thf  cause  of  the  diminution  which  common  air  is 
well  known  to  sutler,  by  all  the  voriouM  yi&y»  iu  which  it 

•  Sr  W.  8.  Uftiria,  Jtndimtii'tarj/  Electriety,  p.  WS. 

•  nid.,  pp.  ].  3.  SB. 
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is  phlojnFticatvd ; '  t.e.  burned.     Lavoisier  wan  t:nga)^d 
tiie  Eumi;  timft  no  tlie  came  question,  and  made  a  similar    , 
diiKM^very  a  fi>w  month;^  lat^r.  fl 

The  discovery  that  tnctale  iDcriMii!c  in  weight  by  oxi^^ 
datioii  was  made  by  I^voiaier  in  the  fallowiajj;  manner, 
vhiUt  t«t)ling   the   theory   of   phlo):;i8U>ii :— *  He    |>ut  ^M 
([uantity  of  tin  (alxiut  half  a  p»und)  into  a  glass  retoi^l 
aomctimcs  of  a  kr;>«r  and  sometimes  of  a  smaller  nxe,  and 
th«n  drew  out  t.h«  iHtKk  into  a  capillary  tube.     T\h:  ret': 
was  nuw  placed  upon  the  sand-bath,  and  heated  till  the 
juKt  mullvd.     The  extix-mity  of  tlie  capillary  b(.>al£  of  I 
retort  was  now  placed  so  as  to  :*eal  it  hertnetically. 
object   of  this   heating   was   to   prevent  the  retort  froia' 
bureting  by  the  expansion  of  the  air  during  tl>e  praoett. 
The  retort,  with  its  contente,  wm  now  carefully  weighed, 
and  the  weight  noted.     It  was  put  again  on  the  nnd-batb 
and  kept  melted  till  the  process  of  cahnnation   refused  to 
advance  any  further.     He  observed,  that  if  the  retort  ww 
nnall,  the  calcination  always  stopped  sooner  than  it  did  if 
the  retwt  was  largo.    Or,  in  other  words,  the  quantity  of 
tin   calcint^il  waM  always   proportional  to  the  nxt  of  the 
retort.     After  the  process  was  finished,  the  retort  (still 
henn«tically  s«aled)  wns  again  weighed,  and  was  alwayi 
found  to  have  the  aame  weight  exactly  aa  at   finit.     The 
bvuk  of  tho  retort  was  now  broken  off,  and  a  qu&ntity  0^ 
air  entered  with  a  hittsing  noise.     Tlie  increase  of  wejgll 
was  now  noted ;  it  was  obviously  owing  to  the  air  that 
rusht-d  in.     The  weight  of  air  that  had  at  first  been  driven 
out  by  the  fusion  of  the  tin  bad  been  noted,  and  it  wu 
now  found  that  a  considembly  grvat^r  quantity  had  entered 
than  had  been  driven  out  at  tirst, — in  some  experimenbr 
as  much  as  lOOG  grains,  in  otliere  9-87  gntia«,  and  in 
some  lesa  than  this,  when  the  t-ize  of  the  retort  was  smalL 
The  tiu  in  tbe  teWit  's »»  nvci«A\'j  vvm^^israLt  but  a  portio^i 
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of  it  had  been  oonrerted  into  a  black  powder,  woif^binf^  in 
some  cases  above  two  ouncvt).  Xow  it  was  fuiiii<l  in  all 
cues  thai  tlie  weight  of  the  tin  had  increased,  and  the 
incretL^e  of  weight  via«  alwayB  exactly  equal  to  the  dimi- 
nution of  iBi-iglit  which  the  air  in  ihi.^  rotort  had  under- 
gone, measured  by  the  quantity  of  new  air  which  nished 
in  when  the  beak  of  the  retort  was  broken,  minus  tho  air 
that  bad  Im^u  driven  nut  when  the  tin  wax  originally 
melted  before  the  retort  waa  hermetically  sealed.  Tbua 
Lavoiwior  jmived  by  tbe  first  experimcDts  that,  when  tin 
ia  calcined  in  close  veaseln,  a  portii>n  of  tbe  air  of  the 
vessel  diK!tp[>ear«,  and  that  tbe  tin  increases  in  weight  just 
HJi  much  as  is  ei^uivalent  to  the  losx  of  weight  which  the 
air  has  sustained.  He  tlii-refore  inferred,  that  this  portion 
of  the  air  had  uuitt^d  with  tbe  tin,  and  that  ealx  of  tin  is 
a  compound  of  tin  and  air.' ' 

Dr.  Black  askixl  him§e]f,  why  is  it  tJiat  limestone 
btH'oiiiM  so  changed  in  propi-rty  by  being  heated  to  red- 
ness? and  then  proceeded  to  teat  that  <]ue3tion.  Ha 
weiglied  tliu  limestone  both  before  and  after  heating  it-, 
and  aUo  tbe  amount  of  moiitture  expelled  ;  but  the  Ioim  of 
water  would  not  wholly  account  for  tbe  lotw  of  wei^t. 
He  then  thought  of  Dr.  Ilales'  esperiments  of  driving  air 
out  of  substances  by  m«aiiit  of  heat ;  he  put  the  two  ideu 
together,  and  knowing  that  acids  expelled  ga.-*  from  un- 
buriie<l  litnoHtoiie,  he  added  Kome  acid  and  water  to  tJie 
unbumed  limestone  in  a  bottle,  und  collected  the  evolved 
ga»  iu  an  inverted  vessel  filled  with  water,  and  thus 
obtained  'fixed  air,'  now  termed  'carbonic  anhydride.' 
Ue  weighed  this  gas,  and  found  that  it  exactly  agreed  with 
the  miMing  weight  which  had  ocoiured  on  heating  the  stone. 

It  is  a  very  prol^tblc  hyjtotbesis  that  a  connection 
exists  betweon  magnetism  and  chemical  power ;  and  it  is 
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not  impossible  that  relationtt  Wtween  eleotricit^r  and  light 
also  eutl,  ftn<]  rettearches  for  the  purpose  of  discoverini; 
th«m  are  highlv  worthy  of  being  iiia<]p.  The  relatioa 
between  gravity  and  iht?  phytiical  foroon,  which  Ki 
belittved  tA  exitil,  remains  yet  to  be  found ;  and,  for  aagi 
we  know,  lines  of  electric  force,  like  light  and  ladi 
h»t.,  may  l>e  deoomposabl^  ;  but  no  expi^ritaeiits  ha 
been  made  vbich  prove  it. 

The  liypothwtis  of  th«  cxist*De«  of  fliiorinr  is  a 
known  onft,  and  many  attempts  to  isolate  that  elemed 
have  I)ei>n  made  by  different  chcmiBte.  I  have  made  > 
tjri^at  many  Hxprrimenta  with  this  object,  some  of  whi<;li. 
it  might  have  been  supposed,  could  not  pofisihly  fait ;  but 
(lltfaough  u  lurgR  amoimt  of  now  knowlirdgc  lias  beta 
fihtflined  respecting  many  of  the  fluorides,  none  of 
experiment*  have  been  successful  in  isolating  l]u<«ine. 

It  haM  been  remarked  that  true  hypotlwaea  are 
euential  to  discovery;  and  this  is  correct,  Iteeaiute  new 
diecoveries  are  sometimes  made  whilst  endeavouring  tn^ 
e*tabltt(h  AlIho  or  defective  tupposition*.  A  di 
may,  in  nearly  all  cases.,  he  compared  to  a  traveller  in 
new  cotmtry ;  imd  if  be  should  travel  along  a  new  road** 
notwithiitanding  it  may  be  a  wrong  one,  he  can  Itardly  Eut 
to  perceive  new  scenery.  Exceptions  to  the  usual  prin- 
ciple that  true  hvpothewcs  are  neceswary  to  rowarcb,  are 
explained  by  and  included  in  the  still  wider  prineiple, 
that  every  new  corohiuation  of  matter  and  its  forces 
must  produce  new  effects ;  and  whetlier  tlie  theory  or  idea 
which  gives  rise  to  an  experiment  he  true  or  false,  this 
canon  huIdH  gtuxl.  Thi#  »1ko  esplains  the  tatA,  that  occsp 
sionally  persons  who  imagine  and  execute  new  experimeota, 
but  who  are  leM  fully  acquainted  with  the  detailii  of 
the  iwtenees  than  are  many  itcholmtic  Mientific  t4»icber8, 
stMceed  in  making  (V\ttoit«n«a.    V\,  ■««&  well  known 
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Priestley,  whiUt  mnkiiig  his  grt-at  qunlitative  rlist-civcrii's     i 
in  cfaeroistry,  was  unable  to  make  a  <|iiantit3tii'e  cbemical     ^ 
analyEit;.     In  ancient  times  a  very  great  n'dmber  of  ditt- 
Cov*riefi,  specially  in  chemislry,  wi*re  matli-  whilitt.  «y»rch- 
iog  for  impossible  things,  such  as  prrpetual  motion  io 
pbynicK,  and   the  elixir  vitip  and  pliilnsopherV  stone  !n 
chemistry ;  and  we  are  probably  even  now,  unknowingly, 
pursuing  a  similar  course,  though  toavery  much  less  extent. 
But  although  a  true  hypothesis  in  not  essential  to  dis- 
covery, it  is  best  when  we  do  start   upon  an  lypothesis 
tbat  it  be  a  true  one,  because  we  tlien  know  better  what 
effect  to  look  for,  how  bent  to  make  it  oon>ipicuouK,  and 
better  how  to  detect  it  if  it  is  small  in  amount.     A  wrong 
hypotlieds  might  aI«o  bias  our  minds,  and  thus  make  us 
^  fail  to  notice  the  actual  rexulta.     It  is  for  these  reasons 
^Bk>  a  great  advantage   in  research  to   possess  truthful 
PSeas   of  the   fuiidiiHiental   principha   and   laws  of   tlic 
Etcieiice«.     The  greatest  discoverers  bare  usually  posseAoed 
the  most  trutliful  views  of  scienoe, 

Not  unfrequently  an  hypothesis  or  question  is  sug* 
geeted  by  one  person,  and  tested  by  another.  Thus 
Adams  was  led  to  oilculatv  the  orbit  of  Neptune  by 
reading  the  following  sent^ince,  contained  in  .Siunenilie'* 
*  Connection  of  the  Phywical  Sciences,'  6th  edit.,  184S: 
'  If,  after  the  lapse  of  years,  the  tables,  formed  upon  a 
oombioation  of  numerous  observations,  should  In;  still 
ioadequnte  to  represent  the  motions  of  Uranus,  the  dis- 
crepancies may  reveal  the  existence,  nay,  even  th«  maw 
and  orbit  of  a  body  placed  for  ever  beyond  the  reach  of 
▼inoa/ 

a.  By  searckinff /or  one  Odnij  and  fimdinrj  another. 
As   tlie  whole  of  the    knowledge   or  data   neceBsary  to 
enable  as  to  test  a  new  hypothesis  is  rarely  available.,  ■«« 
require,  in  nearly  all  *uch  cases,  to  make  oew  ec^TOnW>.Vfc 
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and  obsurv-atioD» ;  nnd,  as  aiUwT  our  hypotheses  are  i: 
many  oases  false,  or  the  tfsts  we  employ  arc  UDRUCoeMfti 
and  as  every  now  combionlion  of  matter  or  iU  forcea  pr< 
rhiix-D  new  effecU,  it  not  untrequently  happens  that,  wl 
employing  thio  method,  wv  March  fur  one  thing  and  flm 
aiiotlu^r  ;  i,e.,  we  fatl  to  uonfirm  onr  hypotltesiH,  hut  difloorer 
an  unexpected  new  tnith. 

Tho  6\ivoverj  of  tliu  law«  of  double  »Uvn  is  an  inctaocs 
of  this  kind.  '  Among  the  f^tars  there  are  some  which  are 
called  douhU.  «tara,  and  which  consist  of  two  etMn,  to 
near  to  each  other  tltat  the  telescope  alone  can  xepknte 
them.  The  elder  Ilerachel  diligently  observed  and  mea- 
sured the  rehitive  poHitiouM  of  tliu  two  stars  in  such  pairs, 
and — S8  has  so  often  happened  in  astronomical  history— 
pur^uiiij;  one  object,  be  fell  in  with  another.  Suppoain^ 
such  lain  to  be  renlly  unconneetvd,  he  wished  to  l«ani 
from  their  phenomena  something  respecting  Uie  annua] 
panllax  of  the  earth's  orbit.  But  in  the  course  of  twent 
years' observations  he  nuide  the  discovery  (in  1803) 
some  of  these  couples  were  turning  round  each  other 
various  oagvlar  velocities.  The«u  revolutioDs  were,  for 
tbo  most  part,  so  slow  that  he  wan  obliged  to  leave  their 
ooinplet«d  determination  as  an  inberitaooe  to  the  next 
generatJiiMi.  His  son  was  not  cart'U^m  of  the  l)C(|uefit,  and, 
after  having  added  an  enormous  mass  of  observations  to 
those  of  his  father,  be  applied  himtwlf  to  determine  the 
laws  of  these  revolutions.  A  problem  so  obvious  and  so 
tempting  wa«  attacked  also  by  others,  as  Savary  and  Ei 
in  1S30  and  1832,  with  the  resources  of  analyiiu.  But 
problt-m  in  which  the  data  are  so  minute  and  inevitably 
imperfect  required  the  mathemni  ician  to  employ  much 
judgment  as  well  as  slcUl  io  usJog  and  oomUning  these 
data ;  and  Sir  John  Herscliel,  by  employing  pcwitiou 
only  of  the  line  joining  the  pair  of  itars  (which  can  1. 
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»ed  with  comparative  i<xactu<!«8),  to  tht-  oiclusion  of 
their  distances  {which  cannot  be  measured  wltli  much 
corrcctncM),  nnd  hj  iavvating  n  method  which  depended 
apon  (he  whole  body  of  obaorvationt*,  and  not  upon 
selected  ones  only,  for  the  dotormi nation  of  the  motion, 
has  rnadi;  hit  inveRtigations  by  f»r  the  mo»t  sutiKfactory 
of  those  which  have  appeared.  The  result  is  that  it  has 
been  roodund  very  pruliable  that  in  several  of  the  double 
stars  thv  two  stars  de»cri)}e  e11ipB«H  about  eari^h  other;  and 
therefore  thut  here  also,  at  an  immeaiiurabte  distance  from 
our  system,  the  law  of  attraction,  according  to  the  inverse 
nquurc  of  the  di'^tance,  prevails.  And,  according  to  the 
practice  of  a^trorioTncnt,  when  a  law  hac  bci!n  established 
tablc«  ha^-e  been  calculated  for  the  future  motions;  and 
we  hare  epheroerides  of  the  rcvolulioDE  of  suna  round 
each  other  in  a  regio'n  so  remote  thnt  the  whole  circle  of 
our  earth's  orbit,  if  placed  there,  would  be  imperceptible 
by  our  Htroufjtjut  telBficopc.<.' ' 

So  agiiin, '  when  Newton  prodoced  a  bright  spot  on  the 
wall  of  his  chamber,  by  admitting  the  sun's  light  through 
a  small  hole  in  the  window-shutter,  auil  making  it  pas« 
through  a  prism,  he  eipcctod  the  image  to  be  round ; 
which,  of  course,  it  would  have  been,  if  the  colours  had 
been  prodiK^I  by  an  equal  diaperdon  in  all  directions ; 
but,  to  his  surprise,  he  saw  tht;  image,  or  spectntTn,  fire 
times  as  long  as  it  wan  broad.  He  found  that  do  cun- 
sidenition  of  the  different  thickness  of  the  glass,  the  poe- 
(ible  uneveuuess  of  its  surfac^e,  or  the  differeut  nQg]c!<  of 
rsys  proceeding  from  the  two  sides  of  the  sun,  could  be 
the  cause  of  this  shape.  He  foimd,  al^  that  the  niys  did 
not  go  from  the  prism  to  the  image  in  curves ;  he  was 
then  oonviDoed  that  the  different  colours  were  rcfnicted 
separately,  and  at  different  angles  ;  and  he  confirmed  this 
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oi)inion  by  traiwinitting  ftnd  retracting  tl»e  ray«  of 
colour  *fp.in»ttrly.' ' 

Whilst  Columbus,  in  tbe  jeai  1492,  was  Wiirohmg 
for  u  now  oontineat,  he  (li»covcrf<l  tbv  vuriatioD  of 
mitgoeLio  ueedle.  Faraday,  in  the  jrnur  1831,  MorcbiDg 
for  a  cootiouous  electro-dynamic  inductive  action,  found 
a  momentary  one.'  BerErliu*,  in  1817,  Marching  fur  tel- 
luriiim,  discoTered  seleniiini.  Oookee,  in  1861,  aeatcfaing 
for  »:lcniuin,  diHCovcTL-d  thallium.  And  a  compuiy,  n> 
cent'ly  HCarching  for  coal,  by  boring  in  the  sub-weftldcD 
formation  at  Netherfield,  near  Battle,  discovered  bedt  of 
gypnim. 

Kmithiion  Tennaut,  vhile  endt^vouring  to  make  ut 
alloy  of  b-nd  with  the  powder  which  remains  after  treating 
crude  platiniun  with  aqua  regia,  observed  remarkable  pro- 
perties in  this  powder,  and  found  that  it  contained  a  Dew 
metal.  'la  1791  be  made  bis  celebrated  anulytis  of  car^ 
bonic  acid,  which  fully  coulirmed  the  opinion  previoualjr 
stated  by  Lavoiiiier  respecting  the  const  itui':nt«  of  this 
Mil)»tance.  His  modi-  was  to  pa.s«  pho»phonig  through 
red-hot  carbonate  of  lime.  The  pboaphorus  was  acidifie 
and  carbon  deposited.  It  wnx  during  this  experim&Dt 
that  be  discovered  phoiphide  of  calcium.'' 

The  Btilhor  of  this  treAtisu  ako,  wbil»t  searcbing  foE 
thermic   changes   by   electrolynng   a  iwlutioa  of  douUsI 
cyanide  of  rocreur}*  and  potussium  with   mercury 
trodes,  suddenly  beard  u  faint  tiound,  and  then  ol 
the  surface  of  the  mercury  in  motion ;  and,  l>y  Air 
retteaich,  wa»  led  to  the  discovery  of  electjolytic  vibration*^ 
and  floundu,  the   motion   and  sound  being  due  Ui  repid 
alternate  formation  and  destruction  of  JiUus  upon  tb» 

■  Wliawell,  IRtli^  of  the  Induflivc  SeU*et*,  viA.  tl.  Std  edit.  p.  SSS< 
•  Bm  p.  692. 

■  TbcpiBMi],  IRntr^  vf  Chtmiarg,  vol.  li,  p.  SM. 
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mercury  liy  t^Ieotro-chemical  attion.'  On  hiigthrr  occusion 
he  was  Bcan-'hing  for  magneto-electric  induction  by  mwMou 
chnngt!  of  i<-nii>eratiire  of  a  magnet,  and  Ix^t^^d  a  vfjre  of 
iron  to  redness  whilst  it  was  stretched  by  an  elastic  hand 
at  in  end ;  and,  on  allowing  tin;  wirv  to  cxil,  he  obeenred 
a  peculiar  tnotion  of  tiie  band,  and,  by  furtJu-j-  rvsvwch, 
discovered  that  iron,  whilut  couling  from  a  rt^d  heat  and 
under  longitudinal  xtiain,  undergoes  a  iiuddrn  molecular 
and  magnetic  change,  attended  by  increase  of  lengtti,  ut  a 
particular  tpmpcnttiir**.* 

All  tbeee  instances,  and  many  more  which  might  he 
giTen,  prove  the  Inith  of  the  '  fimdamcDtal  laws  of  disco- 
verj-,'  already  givi-n,^  and  show  that  wt-  Imvc  only  to  place 
matter  or  its  forces  under  new  conditions,  or  observe  them 
in  a  new  a«pevt,  take  a  iiufficient  numbur  of  instances,  and 
employ  sufficiently  delicate  means  of  observation,  and  vie 
must  make  ut-w  diwoveriee,  and  that  this  is  leall;  an 
infallilJc  method. 

6.  Sy  assuming  the  truthfvlntss  and  certainty  of  all 
the  'jreat  principles  of  dcMTHCc.'— Thi:*  in  a  most  valuable 
method.  We  might,  for  example,  assume  tJiat  whercvvr  a 
substance  suffers  a  powcrfiil  magnetic  or  other  molecular 
change  of  its  maw  or  nurture,  all  the  other  properties  of  it« 
masK  or  sur&oe  respectively  are  simultaneously  more  or 
lees  aifected,  and  thcu  invent  and  make  suitable  experi- 
ments, to  tent  that  hypothesis.  Aft«r  1  had  observed 
the  anomalous  molecular  change  which  ocoon  in  a 
stretched  wire  of  iron  or  steel  whilst  cwoling  from  a  fiill 
fed  heat^  Professor  Barrett  discovered  the  simultaneous 
evolution  of  heat  which  aecompanics  that  change ;  and  I 
have  DO  doubt  that  various  other  accompanying  change* 

'  8ce  PrweeJinffi  tf  %kt  Hoyal  Svirty,  voL  «iL  p.  817. 

>  JU4.  leCil,  Ha.  106,  pp.  S60,  366. 
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will  yet  be  found.'    SimJlariy^  u  the  conducting powen  <i^| 
bodies  for  heat  and  for  eJectrldtj  appoor  to  nbi-y  the  mme 
j^cnvral  laws,  we  mar  assume  aa  probable  that  in  any  vaw 
wh«Te  tJiere  exists  an  anouialoiu  or  exoeptional  action  with 
regard  to  the  one  property,  there  may  be  found  a  Kimtlai 
irn-^ular  action   witJi   regard   to  the    other.       I-'rom    the 
tnithi'ul  IiypultiesiH,  that    the   movement  of  c^onductins^ 
bodieii  is  retarded  by  m^netism,  it  is  probable  that  tM^| 
flow  of  saline  liquids  in  vcgdables  and  animals  will  be^" 
found  Ut  ht!  retardt-d    between   the   poles  of  a  povcr&l 
magnet.     The  hypothesis  of  the  intimate  correbition  of 
all  the  phyiiiciil  and  clK-nuc»l  powers  was  one  of  Famday*« 
leading  ideas  during  the  whole  of  the  1att«r  pari  of  Uia 

c  Btf  OBaummff  that  moat  of  the  prineiplea 
opfratf  m  thf.  nitiipt^r  dciencta  opemie  uiso  in  the  i 
pl&c  and  concrete  onfm. — The  principle  of  itocbronicm  *•■' 
rhythm,  for  example,  operates  in  the  vibrations  of  solidii, 
lii|iitdi(,  vapours,  gaae^,  and  of  ih<;  universal  ctbcr  whichsl 
pervades  all  bodies  and  all  space,  also  in  the  tranxmisKioaHj 
of  sotmd,  li^^lit  and  radiant  heat,  and  probably  also  in  that 
of  electric  and  magnetic  induction.  Onthrie  has  sufr* 
gested'  that  it  also  manifests  itself  in  the  feet  that 
colloid  RiilKitanoe*  arrest  colloids  by  contact  while  tbey 
are  permeable  (transparent,  diathermanous)  lo  crystitUoid 
subfttancea.  The  prind))le  of  action  and  reaction,  abo* 
we  know  operates  between  all  the  forces  of  nature,  without 
exception. 

The  hypothesis  of  uniform  principles  of  action  may 
further  lead  us  to  imagine  the  bypothesia  that  lines  of 
electric  force  are  deooinposable,  and  to  ask  the  questioo : 

'  ProtcaHiT  l^it  lias  siDct^  ihowc  iLut  tliii  molri^alar  ftnd  msgiMrllc 
ciiftti)!*'  i*  alldniloil  tif  »n  njuallr  Huddvii  duui^  of  tlicrmo-ali 
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will  irtntin  eWtrif;  inductive  infltii'noe  miffer  n  greater 
attortttion  in  paxsin^  through  s  first  plate  of  intervening 
insulating  xubHlancc  tbun  in  patting  through  u  seccNnd , 
and  precisely  similar  one  Y  We  may  similarly  imagine 
that  magUL-tife'm  is  decomposable,  and  be  incited  to  en- 
quire: is  miigneto-«lectric  inductive  influence  more  inter- 
cepte'l  by  a  6rst  plate  of  conducting  materia]  than  by  a 
M<rc-oud  exactly  likv  it  ?  and  so  on.  Although  c Icmcotary 
substances  and  their  compounds  are  dii,ided  into  eleetro- 
positivf  and  clcctro<n«gnUve,  chemists,  even  at  the  pn^Ecnt 
day,  do  not  seem  to  formally  recognise  the  existence  of 
two  kinds  of  chemical  attraction,  viz.,  that  in  metals  and 
ba«es,  and  tliut  in  mcttilloid!<  and  ucid^i,  corretponding  (o 
their  two  kindw  of  electrical  property. 

A  great  number  of  new  truths  will  yet  be  erolved  io 
the  oomplex  siilijcct  of  morality  by  assiiniing  that  the 
chief  rules  of  that  suhject  are  based  upon  the  great 
principles  of  nature,  especially  that  of  causation.  Accord- 
ing to  Dr.  Adam  Clarke  tJie  fundamental  rules  of  moral 
conduct  and  righteousness  are.  I.  Whatever  I  judge 
reasonable  or  tmrejinoiiiiblc  that  another  shonid  do  for  me, 
that  I  should  (71  the  like  case  do  for  him ;  and  '2,  We 
shoidd  anxiouisly  endeavour  to  promote  in  general,  to  the 
utmost  of  our  power,  the  welfare  and  happiness  of  all 
men.'  These  niles  are  perfectly  in  accordance  with  the 
dccixioDK  of  reaiKiu.  The  first  agrees  with  the  great 
principle  of  cause  and  effect,  and  is  liaeed  upon  it,  for 
if  '  in  the  like  case '  what  we  did  for  another  would 
produce  a  different  effect  to  what  it  would  when  done  for 
ourseJ^  the  rule  would  be  of  no  use.  The  second  also 
ogrccM  with  the  great  laws  of  nature,  for  the  more  we 
obey  those  lawiK,  the  more  do  we  really  *  promote  the 
happiness  and  welfare  of  all  men.' 

'  See  Se^triek,  Mithedt  if  EthlM,  p.  %^%. 
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d.  By  aaenming  Aai  ceriam  general  atatemenit 
which  are  tru«  of  <me  forct  or  »fihstanc»  are  tru«  to 
«om«  extent  of  others. — By  meana  of  tbu  method,  fol- 
lowed hj  approptiatc  invctnttgatioDi,  many  pr»positi<nu 
which  are  true  of  light  bave  been  found  to  be  troe  of 
nvdiant  heat ;  for  instance,  Faraday  having,  in  the  year 
1  >iir>,  di«coveral  the  inagnetic  rotary  polahsatioi)  of  light, 
WartmaoD,  in  the  following  year,  Eucce«dod  to  disoovw' 
iug  a  tiiiuilar  action  with  a  iKinrn  of  b«at. 

In  a  similar  manner,  properties  known  to  exist  i 
pottL^siiun  huvi;  bctu  predicted  of  and  found  to  Bxist  t 
rubidium  :  for  inHtanoe,  tlie  carbonat<Tfl  of  »odium  and' 
potasxium  are  not  decomposed  by  a  rod  heat,  neither  ai« 
tboiit:  of  rubidium  or  ctu'siuin.  Some  of  tbv  statument« 
which  arc  true  of  chlorine  have  been  found  to  be  true,  in 
varying  degrees,  of  bromine  and  iodine ;  and  some  of  tbom 
tnie  of  iron  have  lieen  found  to  be  true  of  mangantM, 
chromium,  and  aluminium  ;  and  similarly  with  evfiry  dis- 
tinct fiimily  or  group  of  substanceti  uuitcd  by  similarities. 
After  I  had  fotmd  the  molecular  change  in  antimony 
olectro-deposittxl  from  its  chloride,  I  sought  for  and  di»- 
covercd  it  in  that  deposit4.-d  from  its  bromide  and  iodide; 
and  after  bating  found  irre^lar  magnetic  change:!*  in  iron 
by  boat,  I  also  foimd  similar  ones  in  nickel. 

The  melhod  ilwlf  ix  hofed  upon  tliQ  fact,  tlmt  when 
any  particular  substance  is  found  to  poeaesa  a  particular 
property,  other  substances  which  are  similar  to  it  in  mostSJ 
reapectfl  may  alM>  be  rt^^attoaalJy  expeut«d  to  possess  it.H 
Sir   Humphry  Davy   having  discovered    that   potasnura 
might  be  isolated  by  means  of  oloctroU-sis,  immediately 
proc4mded  to  isolate  w>dium  and  other  bodie*  of  uaalogow' 
properties,  and  succeeded.  fl 

«.  By  aesumin!/  the  exUtence  of  convene  prindpUs^ 
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tion  Went  discovered  in  Uiiii  wty.  A*  irloctriu  curmnts  pro- 
duced magnetism,  fio  niagnetisai  was  nseumed  to  be  able  to 
produce dlcctric cmrentfl.  'Id  1831  Faraday  again  sought 
for  electfft-dytiamic  iiidiietiou,nnd,  after  nome  futile  triaU, 
at  last  found  it  in  a  forni  different  from  tbat  in  which  ha 
had  looked  for  it.  It  wne  then  soeo  tbat,  at  the  prcci«v  lime 
of  making  ur  breaking  Uiv  contact  which  closetl  the  gal- 
vanic circuit,  a  momentary  effect  was  induced  in  a  neigh- 
lionring  wire,  but  disappeared  instantly.  Ouci;  in  pomc^fou 
of  this  fact,  Mr.  Faraday  ran  rapidly  up  the  ladder  of  di*- 
covpry  to  the  general  point  of  view.  Instead  of  suddenly 
making  or  breaking  the  contact  of  the  inducing  circuit,  a 
similar  efifect  was  produced  by  removing  the  inducible 
wire  nearer  to  or  farther  from  the  circuit ;  the  effect!) 
were  increased  by  the  proximity  of  iiuft  iron ;  when  the 
iron  was  affected  by  an  ordinary  magnet  instead  of  the 
voltaic  wire,  the  same  effect  still  recurred  ;  and  thuB  it 
appeared  that,  by  making  and  breaking  magnetic  contact, 
»  momentary  electric  current  wax  produced ;  it  was  pro- 
duced also  by  moving  the  magnet,  or  hy  moving  tlie  wiru 
with  reference  to  the  magnet.  Finally,  it  wa*  found  that 
the  earth  might  supply  the  place  of  a  magnet  lit  this  as 
in  other  experiments;  and  tin-  mere  motion  of  a  wire, 
under  proper  circnmatanceti,  produced  in  it,  it  appeared,  a 
momentary  electric  current.  These  facts  were  curiously 
confirmed  by  the  results  in  special  caeeg.  They  explained 
Arago's  experiments,  for  the  momentary  effect  became  per- 
tnancnt  by  the  revolution  of  the  plate  ;  and,  without  using 
the  magnet.a  revolving  plate  became  an  electrical  machine ; 
s  revolving  globe  exhibited  electro-magnetic  action,  the  cur- 
rent being  complete  in  the  globe  itself  wiibout  the  addition 
of  any  wire  ;  and  the  mere  motion  of  the  wire  of  a  galvano- 
I     iiiot«r  produced  an  electro-dynamic  effect  upon  itc  needle.'' 


/.  Bff  iMSuming  the  fzi«teru«  of  eonijAete  homologovt 
gerita.^The  a-ianinptian  of  the  truth  of  Bode'a  law,  and 
nf  the  necpesity  of  RDoth«r  planet  to  fill  tb«  miKiti};  space 
in  tiie  Htiries,  led,  ah  w«  have  already  shown,'  to  ttie  di»- 
covery  of  all  the  asteroids.  That  of  complete  homologoin 
Berii.'*  in  organic  chpinintry  Iwl  to  the  diiioov«ry  of  a  wbol* 
multitude  of  compound  snbatanceft,  including  cyanides, 
ethcre,  alcohols,  Iktty  acids,  puntffins  compounds  of  tnonwii 
dyad,  triad,  tetrad,  and  lii^xad  compound  radicals ;  Iwo- 
itene,  napthaleno.  and  antbiaclne  oompoimds,  and  name- 
rouK  other  Kulistancea ;  and  the  number  of  compoond 
bodies  wliicb  might  be  diecovered  in  onter  to  complete 
homolo^otuf  scries,  even  by  the  union  of  oov  clawt  of  rab^J 
Btancea  only,  haa  been  shotm  by  Herthelot  to  be  immensej^l 
Witde  has  recently,  by  means  of  the  hypothesis  of  homo-  ' 
logouit  serit^v,  predicted  the  future  ditcovt^  of  a  oumt 
of  new  elementary  substances.* 


CHAPTER  LV. 
discoyrr;  bt  means  or  5kw  sipekiukkts  amd  uethom 

OF   WORKINO.  i 


This  method  is  also  based  upon  the  principle  that  n*!W 
subxtiuicrs  HTid  rj<?w  combinations  of  cuxinea  and  condition 
produce  new  effects     The  method  may  be  dtviditl  iut 
invention  of  inductive  exporimvnt«  to  find  th«  causea 
fjiven  efiVctJi,  and  of  di-diictivo  onw  to  find  thn  effects  ■ 
given  cauaea.     It  may  also  be  divided  into  several  men 


I  Scf  pp.  (SS-Cia  *  Bm  pp.  30^  Bt. 
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special  melhotk,  sucli  ae  makin);;  cipcrimentj  whicli  otber 
per<on.4  have  suggested ;  modifying  tli«  expcriuifLta  made 
by  others :  luring  kuown  forces  or  instiumt^nU  in  a  new 
way;  making  converse  t-xpcriniciits  to  ulrcady  known  ones ; 
examiuiog  tb6  actions  o(  particular  furces  un  Kulict-nuous, 
or  those  of  snbstaDoes  on  each  otlier;  subjecting'  stiiesi  of 
fulwtancea  to  new  conditions;  NiilijeutiD(r  forces  to  new 
conditions ;  examining  the  effects  of  time  upon  phenomena ; 
exumiuing  the  ^tfectfl  of  extreme  force  upon  Hubatanoea  ; 
by  employment  of  instruments  of  very  great  power,  hy 
accui«t«  quantitative  eiperimente,  &o..  &c. 

Tn  aeeJcing  to  discover  the  cause  of  a  given  efieot,  we 
have  to  devise  and  cxocut*  new  experimeuta,  in  order  to 
be  able  to  exclude  each  condition  oingly  until  all  have 
been  excluded,  and  we  are  then  said  to  work  inductively. 
But  in  finding  new  truths  by  examining  the  effecU  of  a 
particular  cauae,  and  in  the  formation  and  consequent 
discovery  of  new  compounds,  and  also  in  the  production  of 
new  physical  or  chemical  effects  by  means  of  new  experi- 
ments, wo  work  accordiug  to  the  deductive  or  synthetic 
plan.  The  discovery  of  nearly  all  the  compounds  of  sclc- 
oiuin,  thallium,  rubidium,  eaesium,  indium,  and  of  those 
of  the  otber  elemcuUkr}'  Ixjdies,  arc  instances  of  this  kind. 
In  former  times  also,  nearly  all  new  organic  suhxtancex 
were  found  by  means  of  analysis,  but  iu  recent  years  a 
very  Uirf^e  niiinlxrr  have  Iteen  formed  iind  discovered  by 
synthetical  methods. 

The  method  of  making  discoveries  by  devising  and 
executing  new  experimenti*  has  been  a  mo^t  prnlilio  one, 
•nd  the  number  of  new  truths  found  by  this  plan  is  so 
great  th»l  I  mu«t  limit  my  ^eleetion. 

It  was  mainly  by  means  of  a  well*devised  experiment, 
vii.,  having  one  of  Torricetli'e  barometers  carried  to  t)hfb 
top  of  a  mouurai'n,  lh;«t  Pascal  was  enaWiV  \a  iasRs>\vx. 


tlio  varifttion  nf  atmospheric  prepsure  with  altitude. 
1647  Fa.4cal  sbovi>d  pniciically  that  if  we  alter  the  fiopcr- 
inctunbent  column  of  air  by  going  to  &  high  place,  w«  al 
thi^  wtiight  which  it  will  support,  Tliifl  celebrated  etpm-' 
menl  was  made  by  Pntical  himself  on  a  churcli  t-teeple  in 
Paris,  the  column  of  mercury  in  tlie  Toniotiilian  tube 
ln-ing  used  to  compare  the  weight*  of  the  air;  but  be 
wrote  to  his  lirothcr-in-liiw,  who  livpd  near  the  high 
moimtAin  of  Puy  de  Dome  in  Auvergne:,  to  request  bin 
to  make  the  vxpt^rimcnt  there,  where  the  result  would  be 
moro  decisive.  '  You  nee,'  he  i&y», '  tliut  if  it  happens  that 
the  height  of  the  mercury  at  the  top  of  the  bill  b«  led 
than  at  (licliotloiii  fwhicli  I  have  many  reasons  to  believe, 
Ihoiigli  all  those  who  have  thought,  about  it  are  of  a 
different  opinion),  it  will  follow  that  the  weight  und  prw- 
Bure  of  the  air  arc  tbc  sole  cause  of  this  atispent>ion,  aod 
not  the  horror  of  a  vacuum  ;  since  it  is  wry  certain 
there  is  more  air  to  weigh  on  it  at  Uie  bottom  than  at 
top;  while  we  cannot  «uy  that  nature  abhors  a  vacuuni 
lit  the  foot  of  a  mountain  more  than  on  H»  siunmit.  M. 
Porrier,  Pascal's  correspondent,  made  the  oti«ervation  ai 
he  had  deared,  and  found  a  diffV-rrnce  of  three  inrJies  of 
mercury,  "  which,"  he  saye,  "  ravished  us  with  admiratioB 
and  astonishment."  *  ■  Boyk-  proved  by  experimejat  that 
air  was  elastic.  In  1661,  wishing  to  know  how  mueb  air 
was  <'om[»rt?i«eci  by  increase  of  weight  put  upon  i 
devised  his  well-known  bent  tube  experiment,  and  ft 
that  double  the  pressure  reduced  the  volume  one-b: 
Mariotte  also,  by  means  of  similar  esperiraeu[«,  a 
years  later  made  the  discovery  that  tbe  rolume  of  air 
vuTiK^  inversely  with  the  degree  of  pressure.  Brsael.  lir 
employing  many  different  substance*  to  form  tbe  Uth  nf  a 

■  WlicweU,  Bitlvry  ef  hdvrt\Tt  mtotvphy,  ml.  ij.  fird  cdil. 
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peadulum.  and  allowing  thorn  to  vibrate  for  considemMc 
periods  i>f  tiiuf,  discovered  Uiat  tlic  attraction  of  the 
eajth  was  not  sensibly  atfe<:ted  in  differi-nt  dcgr<'<'s  by 
different  kinds  of  matter.  It  was  by  means  of  experi- 
mtriits  that  Savart  discovered  that  a  higli  uott?  of  a  given 
degree  of  intensity  was  inaudible,  not  because  of  itj<  pit*"!!, 
but  Ix'caiii*  of  its  fci-blcn^wi.  By  allowing  the  edge  of  a 
fixed  card  to  be  struck  by  the  teeth  of  a  rotating  wheel, 
he  found  that  with  wheels  of  larger  Bize  higher  notes 
could  Ik;  beard,  tw-auae  the  t<^eth  l)eing  fartht^r  apart,  tho 
blows  were  stronger  and  more  separate.'  Biot  also  dis- 
covered, by  actual  trial,  that  the  loweist  whimpers  could  be 
heard  through  3120  fi-et  in  length  of  the  cylindrical  tubes 
of  the  aqueduct  of  Paris. 

Baptista  Porta,  in  1560,  discovered  the  principle  of  the 
eftmcrft-obiM-uTs,  and  states  that  he  found  it  by  allowing 
the  sun  to  shine  brightly  through  a  very  small  hole  in  the 
shutter  of  a  dark  room,  and  covering  the  hole  with  trans- 
parent pictun-s.  Kircher,  about  the  year  IfilO,  first  made 
the  Kiagio-Iantem,  by  combining  Porta's  camera  and  paint- 
ings with  the  light  of  a  lamp.  Newton's  celebrated 
discovery  of  the  imeqnal  refrangibility  of  ditferently 
coloured  rays  of  light,  made  about  the  year  1670,  was 
chiefly  a  result  of  devi«iug  and  carrying  out  we  11 -conceived 
oxperiment«.  It  was  by  inventing  tlie  use  of  a  slit  infltead 
of  a  round  hole  in  these  experiment?!,  that  Dr.  ^''ollaston, 
in  the  year  1802,  was  led  to  discover  the  existence  of  eeven 
dark  band*  in  the  solar  spectrum.  Fraunhofer  also,  in  (he 
year  1814.  by  examining  the  light  of  the  suu,  moon,  and 
Venus,  in  a  similar  nay,  found  that  the  lines  of  each  were 
the  same :  but  with  the  light  of  Ihe  tixe<l  ictars  he  dis- 
covered a  dilTerenec,  UieJr  dark  lines  were  in  different 

>  Mn.  Soroerrllle,  Cenntrian  i/  the  Phyrical  SeifMrn,  p.  163. 
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positi<nu ;  lie  also  found  iio  lew  than  576  tiuch  Ud«s  in 
solar  spectrum. 

It  was  by  means  of  ingenious  ez;N;rinients  and  infer- 
encex  that  Young,  in  1801,  ilL*oovcrod  the  inlcrfcrcnw  of 
light.  M.M.  Freinel  and  Arago  also  discovered  by  f^xpvri- 
ment,  that  two  rays  of  polarised  light,  if  th«y  are  derired 
from  the  mme  w>iiroi!  and  polarltad  in  the  «iuqc  plane, 
interfere  with  each  otlier  and  produce  coloured  fringcSi 
but  not  if  they  lu-e  polariin^^d  in  ditTcrent  pl&nee.  Fresnel 
also,  by  experiment,  discovered  that  a  beam  of  light  ptia- 
ing  through  the  axis  of  a  (|uartz  crystal,  consists  of  two 
iiiperinipoBed  rays,  moving  with  different  velocities.  Tbe 
discovery  of  polarisation  of  light  by  reflection  yn»  oho 
the  result  of  c xperiincut,  and  vat  made  by  Malus,  a  youi^ 
French  officer,  in  the  year  1808.  He  wag  looking  front 
bis  study  in  thv  Rue  d'Enfcr,  Paris,  lengthwise  through 
a  prism  of  Iceland  spar,  at  the  light  of  the  wtting  sun, 
reflected  from  a  window  of  the  Luxembourg  PaLiuc,  whidi 
stood  op[Hisi|.i' ;  and  turning  the  primn  slowly  upon  Ha  axif, 
he  observed  that  whilst  in  each  ot  two  positions  of  tho  priso 
two  images  of  cijual  intensity  of  the  window  appeaivd,  M 
in  the  iihiliI  double reiraetion  by  that  crvHLil,  in  uich  of  tm 
other  positions  at  right  angles  to  these  one  of  the  two 
imiigcK  l>fo:itiie  faint.  Meditating  upon  this  singular  cti- 
ciunstance,  led  him  to  make  many  more  eiperitsonts,  by 
which  he  wan  led  to  the  discovery  that  whenever  a  beam 
of  ordinary  white  light  is  reflected  frwin  glass  at  a  parti- 
cular angle,  viz.,  SG"  iS',  the  portion  reflected  povKcsses  to 
some  extent  (hu  peculiar  characters  of  one  of  the  bcun* 
which  haa  paused  through  a  crystal  of  loeland  cpar.  Malta, 
in  the  year  Mil,  applied  the  term  ' poluriaed'  to  Itgbt 
posHusuDg  such  a  quality.  As  I  have  alroady  remarked, 
it  is  the  instructed  and  di^K^iplined  mind  alonu  which 
perceives  bcforv  it  the  presence  of  a  new  truth ;  many 
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ordinarj  mon  might  liavc  looked  through  the  priurn  iindor 
rimiUr  circumstances,  but,  \ailike  Malus,  would  uot  have 
detoctoJ  anjthini;  new. 

Arago  in  ISll,  hy  t-xnminingbypftlariw-d  lij^ht, pUtes j 
of  quartz  cut  pcriiendicular  to  the  axis  of  the  crystal,  dis- 
covered tlint  Uiu  piano  of  polm«itioD  of  the  li{;ht  wag 
(wl'iied  either  to  the  right  hand  or  to  the  kft,  and  tlms 
ftmiid  what  is  now  known  as*  circular  polnrisatioii  "oi"  light. 

It  was  by  actual  trial  that  Robert  Hooke  diMtn-ercd 
that  wat^r  could  not  t)e  heated  aliove  212'  K.  in  an  open 
vesftnl.  By  exprrinicnt  also,  Boyle  about  the  year  1U45 
discovered  that  warm  water  boiled  rapidly  in  the  mreSed 
rpccivor  of  his  nir-pump.  Psipin  in  1673  (and  Huggins 
in  the- year  H>81),  discdvcrcd  lliat  water  would  holl  at  a 
much  lower  temperatui'e  in  a  vacuum  than  in  an  open 
v«a»ul;  and  Pr.  CuHcn  also  rcdincwvcred  this  fact  many 
yfiATB  afterward?.  Dr.  Black,  in  the  year  lifiO,  by  devising 
■nd  luakiDj;  the  following  experiments,  discovered  the 
phenomenon  of  latent  heat.  He  (<lled  two  glas*  Saiki, 
one  with  ice  at  0°  C.  {i.e,  just  warm  enough  to  begin  to 
iTU-lt),  and  thv  other  with  an  i><]ual  weight  of  water  at 
t/'  (;. ;  and  Buspended  them  in  a  room  kept  at  8*3°  C.  The 
water  nequired  a  temperature  of  4°  <J.  in  half  an  hour, 
but  tba  malting  ice  n-mained  at  0°  d  and  occupied  too 
and  a  half  hours  to  l>eeome  all  melted  and  acquire  a 
temperature  of  4°  C-,  or  twenty-one  times  as  long  aa  the 
other ;  and  n»  it  hud  been  taking  in  heat  at  Icist  as  fa«t 
aa  the  water,  vix.,  four  degrees  each  half-hour,  it  had 
absorbed  84  such  degrees,  80  of  which  miLst  have  bocn 
absorbed  during  the  melting.  He  made  another  ex- 
periment,  by  means  of  wbich  lie  found  that  one  poimd  of 
water  at  79'  C.  would  exactly  nn;ll  a  pound  of  ice  at  0'  C. ; 
the  resulting  mixture  being  entirely  liquid  water  at  0*  C. 
He  also  found  that  a  pound  of  water  at  0°  C,  when  mixed 
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with  a  pound  of  vatcr  at  79*  C,  produced  a  mixtorc  haviag 
tbe  u-mperalurc  of  SO-A'  C,  or  eiea4:il^  midway  betwwi 
th«  two.  By  these  <>xpcrimcnl«  ho  proved  that  beat  bo- 
comes  latent  during  the  li(|iipfaction  of  ioe.  By  devifr 
ing  and  nuiking  ot>ier  suitable  expenmente,  be  fiirtfaer 
proved  tliat,  durinf;  the  rapiiriNitioii  of  boi1iu<;  water,  a 
gix-al  tjTiaiitily  of  heat  becomes  latent  in  the  evolved  ;leam. 
Oavcniii'h  nUo,  in  Uie  year  1765,  ascertained  by  experi- 
ment, bow  much  bent  was  absorbed  by  the  inelling  of 
snow,  and  evolved  by  the  condensation  of  steam. 

It  was  by  mean«  of  a  ifuilabln  exp<rrimi>nt,  that 
Hiimford,  in  1798,  found  that  tbe  oommoo  notion 
boat  w.'L*  a  Rnbatance,  was  fakf,  un<l  concluded  that  bi 
wuji  a  species  of  motion.  Hi^  experiment  wa«  «u<;gt-«t(4' 
whilft  in  a  military  workshop  at  Munich,  by  oliierving 
that  f^vaX  heat  was  produced  by  boring  a  cannon,  and  hj 
xtudyiog:  that  phenomenon.  Bacon  and  Ixwke  hud  pre- 
Wolisly  wiggerited  tliat  heal  was  a  vibration.  To  test  this 
i(l>-a,  Humford  bon>d  a  large  piece  of  bnuM,  under 
pressure  of  the  borer,  whilst  the  Iffasn  was  in  a  giiHon 
water :  and  at  the  end  of  'i^  hours,  the  water  actuati 
boiled,  and  ho  i^id,  '  It  would  be  diffic-ult  to  describe 
8ur|)ritw  and  astonishment  of  the  bystanders  to  see  so 
a  quantity  of  water  lieulcd.  and  actually  made  to  bml 
without  any  lire.'  Sir  H.  Da\7  al*o,  in  1799,  by  a  wdl- 
conceived  experiment,  Pontirme>cl  I<umfonl*s  result;  be 
melted  io»  by  rubbing  twopieccMof  it  togi-tlH*r  in  a  vactntnii 
at  a  temperature  below  tbe  freezing-point  of  watiir,  aad 
(lie  result  was  veiy  conclusive,  because  the  specific  heat  of 
ice  is  only  tuilf  that  of  wat*r. 

In   the   year    1815,   Sir   II.   Dav^,  by  deviniog 
making  experimeutM  upon  the  influence   of  wire 
upon  flame,  discovered  varioas  new  truthd,  and  woit  enabled 
ia  iuveat  tbe  afcty-Iamp,  for  tbe  luvention  of  which 
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WOK  RAorA'ardM  mwie  n  baronet.  In  t822,  Faraday,  by 
derUing  ami  makiiifr  lurw  vxpi^iincntf,  dii<cov.'r«(l  that 
most  of  the  gases  might  be  liquefied :  and  Tbilorier,  in 
IH'i'i,  by  tnciint!  of  an  ingrniou»  apjMnvtii*  nod  cxpt-ri- 
meiii,  solidified  carbonic  anhydride  by  the  cold  prodtiovsj 
by  the  vaporisation  of  the  liquefied  gas.  It  was  Melloni 
whit  diiriufT  n  long  serii's  of  oxpi-rimciiM,  dUcovored  tho 
great  degree  of  transpari-ncy  of  rock-salt  to  lays  of  bent ; 
that  alum  is  highly  opaque  1o  thoae  rays,  and  that  the 
ordi^r  of  degrees  of  tniii»iHin-n<'y  of  Iwdien  lo  lifjht  in  vrry 
different  from  that  of  their  transparency  to  heat.  It  was 
by  meunKof  a  long  scrii-tof  wfU-duvised  and  laborioui!  ex- 
periments, in  which  a  weight  by  its  falling  wa*  caiwod  to 
(irive  a  paddl«  and  stir  a  known  weight  of  water  in  a 
okwd  vessel,  that  Jonlc  in  1849  fliscovered  the  mec}i»iiica] 
equivalent  of  heat,  i.e.  how  much  mechanical  power  waa 
required  to  prodiic-o  a  (jivi-u  amount  of  L«at  by  fVicUon. 
He  found  that  the  mechanical  force,  of  1  pound  weight 
felling  through  772  feet,  would  raise  the  temperature 
of  1  pound  of  war^r  out*  Fahr.  df^gn^t ;  and  thiu  laid  the 
founilation  of  the  dynamical  theory  of  heat. 

Between  the  years  1 54f)  find  I  (iOO,  Dr.  Gilbert  devised 
an  experiment  of  biinging  an  electrically  excited  body 
near  to  tho  end  of  a  light  needle  of  any  metal  balanced, 
and  (uroing  freely  on  a  pivot, and  found  that  varimis  stdc 
stances  in  adiiitioa  to  amber,  vin..  agate,  diamond,  beryl, 
cryetul,  glai<s,  Bristol-quart z,  sapphire,  glaiu  of  antimony, 
jet,  sealing-wax,  gum  mastic,  sulphur,  and  other  sub- 
stances, are  altraeted  by  electrics  ;  an<i  be  stated  iu  his 
book,  publisht^  in  the  year  1000,  that  all  solid  bodies, 
even  metals,  and  also  water  and  oil,  are  attracted.  Boyle 
also,  pn^vious  to  the  year  1675,  dii<covi-n?d  by  tixperiment, 
that  warming  bodies  before  rubbing  them  increases  tlie 
electric  eflect;   and  by  means  of  othtr  experiments,  he 
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fourwi  additional  bodi<!S  which  became  electric  bjr  Fric(iQ0.3 
In  the  y«^r  1675,  Sir  Isaac  Ncvrton  deriscd  an  eiperim«nt 
of  supporting  a  platv  of  i^laati  upon  thin  *liw»  ut  ctirk,  «oAi 
rubliini;  iU  ti[>i>er  surfiice,  and  bv  this  means  discover 
t)mt  t)ie  lower  side  of  the  glasM  becamo  ctcvtricaLlf  i-x- 
cit(^,  and  attracted  light  bodies  beneath  it. 

It  was  bv  meaoB  of  new  experiments  that  *  Gray,  ii 
n'29,  discovered  the  propertie*  of  conductors.     Ko  found 
thai  the  attraction  and  reputaion  which  appear  in  clirctrid 
bodies  ar«  exhibited  ako  by  oDier  bodies  in  contact  witli 
th(?  cli'Ct.ric.     In  this  inanner  lie  found  that  an  ivorj'  1»U, 
connected  with  a  glass  tube  by  a  stick,  a  wire,  or  a  jiack- 
lltTcad,  utiractcd  aiid  n-pcllcd  a  feather,  ns  the  glass  ilsel^J 
would  have  done.     He  was  then  led  to  try  to  t^tcnd  thi^| 
communication  to  considerable  distances,  first  by  awend- 
iiig  to  an  upper  window  and  hnnj;iii|{  down  the  ball,  and 
afterwards,  by  carrying  the  string  horixontally  f^ip]x>rti 
un  loops.     As  hie  suvcesi'  was  complete  in  the  former  < 
he.  wa.*  pt:rplexed  by  failure  in  th«  latter;  but  when 
supported  the  string  by  loops  of  silk  instead  of  heinpcv 
eoi-ds,  he  found  it  again  l>ecame  a  conductor  of  electricitj 
This  be  ascribed  at  first  to  the  small  thieknvsM  of  th« 
which  did  not  carry  off  so  much  of  the  electric  virtue^ 
but  from  this  cxjtbnation  he  was  agnin  driven,  by  findiai 
thitt.  wire*  of  brass  still  thinner  than  tlie  silk  desIroy«d  thj 
effect.     lliUB  Gray  perceived  that  the  efficacy  of  the  au[ 
port  depended  on  its  lieing  silk,  anil   he  soon  found  other 
Kiibstancei!  which  annwiTcd  the  same  purpose.     The  diiTer 
enoe,  in  tad,  depended  on  the  supporting  subetauoe 
electric,  and  therefore  not  itself  a  conductor ;  for  it 
appeared  from  MUch  exp«rimcntK,aud  especially  from  the 
made  by  Du  Fay,  that  substances  might  be  divided  iai 
eUctrks  per  $1,  Ana  voneUctric9,OT  conductors.    Tlw 
terms  were  introduced  by  Desagulicr,  and  gave  a  perma-j 


I,  and  m 

H>rteda 

caiie^l 

«n  M^ 


niSCOTBBI'  BT   URAya  OF  KBW  E.TPBRnt8ST8. 


5iZ 


iK-nt  ciirrenoj  to  t,h«  txtKiiUs  of  th«  labours  of  Gray  nnti 
others." '  He  and  Wheler  also  discovered,  by  mt-ans  of 
experiments  llint  tbe  electric  force  mii^ht  be  tranEinitttfd 
66(j  fei>t.  In  the  y^ar  1731,  they  foiini.1  that  tliehiiniiin 
body  U  a  conductor ;  tliat  sulphur,  resins,  &c.,  when 
mclUnl  and  allowed  to  («<)l  upon  insulating  Ktipport^,  were 
electric;  and  in  1732,  that  electricity  may  be  retained  in 
bodie*  by  wrappinfj  them  in  worsted.  Gray  further  dis- 
covered by  experiment,  that  substances  in  contact  with 
electrified  bodies  acquire  the  same  electric  projiertiee. 

Du  Kay,  by  iin-an*  of  (ililablo  experiment  a,  miidv 
between  tbe  yeara  1733  and  1737,  discovered  that  free 
cleetrieity  is  of  two  kinds,  viz.,  vitreous,  or  that  derived 
by  nibbing  glass,  and  resinous,  or  that  obtainMl  by 
friction  of  resin.  He  electrified  a  pith-ball  (suspended  by 
silk)  with  a  i*tiok  of  tlwtrified  spaling-wax ;  he  then 
rubbed  the  end  of  a  glass  rod  with  silk,  and  presented  it 
Ui  the  chajgcd  ball,  nud  fouud  that  it  was  attriuited, 
whereas  the  charged  sealing-wax  repelled  it ;  and  he  thus 
discovered  the  general  truth,  that  similarly  electrified 
iMdieH  repel  e;u'h  other,  and  dissimilarly  electrifitid  ones 
uiut.uaUy  attract.  It  was  preriously  known  that  any  elec- 
trified body  attracts  any  non-elect  rifled  body,  and  that 
after  mutual  conta^it  they  repel  each  other.  In  1741 
Boze  found,  by  means  of  experiments,  that  electricity 
does  not  alter  the  wt-ight  of  Iwlies;  and  Ludolf,  in  1744, 
discovered  that  the  electiie  spark  will  ignite  ether  and 
other  combustible  bodies.  I>r.  Watson  also,  in  1747,  by 
suspending  two  miles  of  wire,  and  causing  an  electric 
spark  to  pass  through  it,  discovered  that  the  t^te  of  tra- 
velling of  electricity  was  priietically  iiUitantancous;  he 
nisn  found  that  the  electric  disohaige  would  readily  pass 
through  earth  and  water. 

<  Wti«woll,  Ilittvry  ef  the  loduftirt  S^tncti,  vol.  ill.  Srd  edit,  pt  SL 
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It  vae  bj  mnkin^  experimente.  And  Htiidying  thci 
i-ffcct*,  llijvt.  Krauklin  was  led  to  conceive  llie  tlieorv 
y/u»  and  minvs  electricity.  He  fouud  that  if  two  pei 
Mtoud  upon  iui  inMiliited  stool,  and  one  nililM-d  the  cvlindrr 
of  »n  electric  machine  aud  tlic  other  touclii'd  it,  both 
became  i-lec-trifitrd ;  and  Iw  wmcliided  tliat  Uie  fomu-: 
jiiirtid  with  some  of  his  natural  electricity  to  the  cyli 
dcr.  iiiid  the  Inttor  rcci-ircd  an  exoi^ef.  Ifu  found  tba 
n  third  perHOti,  not  iiiiinlat^d,  coiiid  piodiice  apiirk« 
touching  eithei' ;  and  he  concluded  that  the  third  jfenoi) 
jiiirleil  with  olt'clncity  to  the  one  and  received  it  from  the 
other.  It  wat)  hy  devising  and  making  his  expcnuvKul 
■with  an  electric  kite,  about  the  year  1749,  that  he 
forerud  atmos[>heric  electricity,  and  the  ident  ity  of  el 
tricity  and  lightning.  During  a  tiiimderetorm  on  tb 
commons  near  PliiluiK-lphiit,  he  ntiiwd  a  nlk  kite  by  m 
of  a  iitring,  wilh  a  key  at  the  lower  end  of  the  string,  froii 
which  to  dtnw  the  Eparks,  a  silken  cord  being  attached  to 
the  key  to  insulate  it  fnini  the  gitnmd.  Wbra  tJic  «lrin; 
tH.-«ame  f)uite  wet  and  a  conductor,  he  saw  its  fibres  stam 
out  charged  with  electricity,  and  lie  then,  by  meuis  of  bji 
tin^^er,  drew  a  stivaiu  of  sparks  from  the  key. 

Between  the  ycnrs  1751  and  17ti2  Canton  di«cov< 
by   ttiK-Ann  of  expttriments,  that  Uic   kind  of  eltetricity 
developed  by  friction  depends  hoth  U]K>n  the  kind  of  «ub 
Htance  uwed  as  a  rublx^r  lu  well  a«  that  which  is  mbbei 
and  upon  the  conditions  of  tlieir  surfaces;   tl^t  a 
of  air  can  be  electrilied,  and   that  umalgam  of  tin  in 
creawa  the  efficacy  of  the  electric  niaelnnf.     By  tnenne 
actual  trial,  Beccaria,  in  1753,  discovered  the  iinperft 
electric  eoudnclinp   power   of    water.     .-Kpjuus  also, 
175V,  by  bleating  a  tounoaiine,  discovered  that  ita  ii: 
Kite  ends  wcrt;  chargeil  with  opposite  kinds  of  electricity 
he  invented  experiments  hy  m^ina  of  which  the  kind  an' 
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distribution  of  electricity  on  any  part  of  a  litxiy,  might,  1)6 
me&«iirDd,  and  fouuci  tliat  tho  distribution  agrtcd  vitb  the 
theory  «f  tbe  «!lf-ixrpiit.«ve  power  t>f  «ach  di-ctricity.  I6 
was  by  means  of  actual  experiment  that  Canton,  in  the 
ywir  lT<iO,  discovt-rcd  this  tbiTino-electric  propertiea  of 
faeat^  topaz;  and  Suliier,  in  17I>2,  fuiind  tlie  earlivot 
fact  in  voltaic  electricity  aud  electro-chemical  ac'tion,  viz., 
that  a  pieuv  of  k'ud  uud  a  piucu  of  «ilvcr,  laid  in  mutual 
contact  upon  the  tongue  so  that  both  aimuKantH.nti'ly 
touched  that  or;;an,  excited  a  peculiar  sensation  and  taste. 
Haiiy,  by  <-X]K'riiiiHit!'  iiiarb  in  thu  yi-ar*  1785  to  1787, 
discovered  the  thermo-electric  propertiea  of  meaotj-pe  and 
prclinite,  and  rcdiiicurcri.'d  thosi;  of  i^phcue  and  calamine, 
and  also  discovered  Feveial  general  truths  in  ihormo- 
electricity ;  and  he  further  found  that  Iceland  spar,  and 
various  other  crystal*.  Wcauie  electric  by  prctwiu'c  la 
I78ti  Beunet  discovered  that  electricity  was  produced  by 
t.bv  i<ifl  ing  of  powdcn ;  and,  durinf;  the  following  year, 
that  tlie  fracture  of  bodies  produced  electricity.  About 
the  year  1787  M.Brard  found  that  somocryfftalsof  aiinite 
became  electric  when  heated.  In  the  year  1791,  Haiiy 
foimd,  by  actual  trial,  that  horacite  was  thermo-electric. 
Ki'ir,  ill  tlie  lutrnv  year,  diwcoveriHl  by  experiment  that 
iron  and  some  other  metaU  could  be  rendered  pa^vv  and 
insoluble  in  acids. 

liy  meana  of  experimenta,  made  in  the  year  1765^ 
Dr.  Veils  discovered  that  charcoal  conducted  voltaic  elec* 
tricity,  and  might  bo  used  to  produce  it.  It  was  by  expe- 
rimentiEg  upon  the  effects  of  a  voltaic  current  that 
Nicliol^n  and  Carlisle,  in  tbi;  yo^r  1800,  di'<covcred  that 
when  the  two  ends  of  the  wires  which  conveyed  the  current 
were  iiumcrwd  in  water,  bubbles  of  gas  aruui  from  them, 
liy  exaiuiuiug  those  gases,  they  found  that  one  was  oxygen 
and  the  other  hydrogen  ;  also,  by  applying  litmus-paper. 


• 


536 


SFEaiL  MBTnons  or  discotkbt. 


they  fouod  t}iat  no  acid  nppeftred  at   tb«  poeitire 
and  an   iilkali  at  the  n^;ative  ooe;  and   tbin   laid 
foundation  of  ek-ctro-chcmirtry  and  of  the  art  of  eJi 
metallurgy.     Tlie  tru«  source  of  Uiift  acid  and  alkali 
subsequently  diBcovfred  in  the  year  1806  by  Sir  H.  Dai-y,' 
who  by  uK^iiuH  uf  cx^tcrimemtji,  aW  found  that  tbo  colour 
of  the  eii-cliic   light  in  rarefied  media  dep<^nds  vliieflyHi 
upon  somo  proprrtim  of  the  traces  of  powlcrable  nuUefV| 
left  ill  the  vemelii.     When  he  [waned  the  Kpcirk  tbrough  a 
vacuum  over  mercury,  and  gradually   admitted   air,  t' 
colour  wiu  first  ^ccu,  tbim  iM.i3-gn.-cu,  blue,  and  purpi 
in  succession,  with  incieasing  umounta  of  air ;  and  in 
vacuum  over  a  melted  fueihle  alloy  of  tin  and  bismuth, 
was  yellouiHb  and  vi^y  palo. 

It  was  by  means  of  study,  hypothe»t*,  and  repc 
expfrimcnts,  that  Oersted  at  ]nst  succeeded,  in  the  yei 
1819,  in  mnking  the  grand  dismvury  of  cleotro-maf^'eti^ 
Having  a  voltaic  battery  in  action  at  one  of  his  Wt 
he  dirccti-d  hi»  lutsiHtaiit  llanstocn  to  try  the  cSect  of 
cum-nt,  when  parallel  to  and  near  a  dtilicalttly  ^iispi-iidMl 
magnetic  needle,  and  he  was  surprised  toobserve  tJie  B 
move.     By   ineaii»   tif  additional   experimeoU,  he   ft 
that  it  always  moved  in  such  a  way  as  to  tend  to 
it«!clf  at  right  aiit^lcN  to  the  current.     The  result  waa  pub* 
lished  in  the  year  1820.     Anip^rt;  Ktudii;d  Oeii*ted's  resul 
deeply,  and,  by  means  of  further  experiments,  found  t 
the  poles  of  a  fruely  Kui>;pendcd  utngiictio  noodle  atwavi 
turn  in  one  given  direction  with  respect  to  Ilis  dirccti 
of  tho  current;  the  direction  being  such  that,  suppo^j 
the  current  to  How  dowi)wanl.'<  thn>iigh  our  l>o«ly,  if  tho 
magnet  is  supported  horizontally  in  front  of  us,  its  north> 
se«kiiig  pole  would  place  it:K^lf  towards  our  right  band ;  aod 
that  whatever  change  was  made  in  the  po:<ition  of  tbn  con* 
•  Ste  puge  43S. 
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ductor  or  the  direction  of  the  ciirront,  the  position  and 
iliroclion  of  thi;  mngucl  ohaofied  with  il,  so  as  to  maintain 
constant  the  foregoing  relation.  By  means  of  experiments 
with  thf?  biittiTy  current,  Amiii^n?  also,  prcvioun  to  Scp- 
t«Di)>er  25,  1820,  diiU-'overed  the  mutual  attraction  and 
repulsion  of  currents  in  wires,  and  the  attraction  of  iixm 
filing's  hy  thrt  conrhn'ting  x-ir^,  iinii  that  a  ftpiral  of  wire 
was  the  best  for  magnotiaing  neetiles.  He  aiso  disctn'ered, 
by  means  of  expvriineutii  made  dnrin|;f  the  same  year,  the 
l.-iws  of  ele<:tro-iii:ij^cti(r  attniction  and  repulsion  of  con- 
ducting wires.  Faraday,  by  repeating,  in  1821,  Amp^'fl 
experiments  on  this  subjoeti  and  studying  the  phenomena, 
eonclmied  that  a  magnet  and  an  electric  wire  conveying 
a  current  might  be  made  to  mutuully  revolve  round  each 
other,  and,  by  making  experiments,  he  finally  siicoeeded  In 
obliiining  those  effects,  and  in  causing  an  electric  wire  to 
rotatii  by  terrestriiil  magnetism. 

la  the  year  1820,  Sir  William  Snow  Harris  liad  strips 
of  sheet  copper  fixed  from  the  top  of  the  miwlj"  of  a  ship  to 
the  copper  sht-at  hiny  on  the  bottom  of  the  vessel,  and  tliiis 
discovered  that  ships  might  he  protected  from  lightning, 
Boisgeraiid,  in  October  of  I  Ik-  "nirw!  ycJir,  proiwsed  to  dincbver 
the  degrees  of  electric- conduet ion  resistance  of  bodies  by 
means  of  experiments  with  a  voltnic  current  and  Ampin's 
galvanometer.  By  means  of  experiments  with  an  electric 
current,  Ar&go,  in  September  1H20,  magnetised  a  steel 
needle  permoucntly.  Seobc%k,  in  1822,  succeeded  in  dis- 
covering thermo-electricity,  by  attaching  two  wires  of  dif- 
ferent metals  to  a  galvanometer,  joining  their  ends,  and 
heating  the  Junction.  Ocrstwl  having  discovered  elcctro- 
nagnedsm  in  1819,  Arop^,in  1830, suggested  theexperi- 
ment  of  au  elcctTO-magnetie  telegraph ;  and  Wheatrfone 
Mid  Oo<.>ke,  also  Morae,  an  American,  and  Steiuheil  of 
Munich,  devised  similar  experiments,  about  the  yenr  1837, 
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and  earned  them  out  i»  tbc  Form  of  inv«Qtions,  and  that 
divcuvirwl  thf  liurt  Uiat  meMag«»  might  be  trauMiiitt 
to  givat  diatauces  by  means  of  electricity.     It  wa*  large! 
by  dcviiiiii};   KuituUc  oxpt-riiuiriil«  Ihut   Faraday,   ia 
yi-ar  1831,  suweeded  in  discoveriDg  mag  tie  to-ekc  trie  itv. 
Kitchie,  in  1834,  by  making  an  experiment,  siiccwiiied  i; 
oiiiiKiiig  wator  to  rotatit  by  mmni*  vt  eitxUO'taiiffinti 
and  is  said  to  have  caused  a  magnetised  needle  to 
suspi.-ado(l  in  tliL*  air,  vrithotil  VLubte  nipport}  )>y  tbc 
poirer.     Kottot  of  Turin,  in   the  year  1833,  hy  lomi* 
fxpoiiineiits,  is  »iid  to  bave  be-on  the  fir»t  to  dt^^Mtmpoee 
water  and  mtnin  e«ilutionii  by  means  of  thenno-vlectTtctty.* 
Faraday  aUo,   by  testing  the  chemical  theory  of  voltaic 
el»H-tricity  by  mutUH  of  vxpcrimvulK,   in  th<-  yt-ar   IW' 
proved   Dtc:   hy|Kithetiiii   and   made  the  diw)ViTy   of 
chemical  orifpn  of  the  voltaic  current.    In  1847, 
suggsslwl  llic  exjit-rimt^nt  of  dvt<!miiin'wK  dil1V-rciici-« 
longitude  by  means  of  the  electric  telegraph. 

It  wax  by  litdiuiuing  eid  unmngnetited  steel  needle  on  a 
pivol,  very  dtdi<?iitely,  in  a  h<>ri»>iit.'il  position,  then  tnag- 
netinng  and  replacing  it,  that  Robert  Norman,  in  the  yi 
1576,  dJMsovured  lh«  magnetic  dip  or  inclination.     Hot^ci 
in  the  year  1684,  by  heating  rod^i  of  iron,  »iid  niloiriiiL;  tb 
tocooliu  thi;  direction  of  the  miignctic  meridian,  dia4.-uva 
that  they  became  magnetti.     In  1775,  Oruham  »ug\ 
the  cx)>orimciit  of  tiding  a  vibrating  magnetic  needle 
disciiviring   c^hauga*  of  magnetic  inteu^ily,  and  \-arii 
discoveries  have  since  been  made  hy  meanx  of  it,     Al 
the  year  1777,  Bcccsrin  made  the  experiment  of 
an  electric  shock  through  a  needle,  and  xtated  that 
needle  tbcr«by  acquired  the  remarkable  property  of  pmni 
ing  east  and  west,  when  trtxiy  Kuspi^nded.'    In   1803, 

'  MtJ.  Somcmll*.  dianeriim  if  the  PtijftO\tl  Scienm,  ]i.  3U, 
'  1  have  [c^icWcA  Vtia  in\>«i\vaKn.v,Vi\  ■«\<Ajsi(,  (ocoeu. 
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Coulomb  made  a  largt^  ntimbi-r  of  experiments  for  the 
purpose  of  diacoverinjf  the  existence  of  universil  iiiaji- 
aetisin,  und  found  thut  atl  tho  sul)staQc>>e  he  tried  were 
affeeUKl  hy  a  magiiftt.  By  ir»-.m*  of  siiilalilt'  vxptTiuuMiU, 
Cuinming  and  Dr.  Clurke,  in  1H21,  discovered  that  atmo- 
Bphurio  fluutricity  wus  aipable  of  produciug  magnetism. 
About  the  year  1825,  Christie  found,  hy  actual  trtnl,  lliat 
heat  diminishes  ma^etism.  In  the  year  1S27,  Sarary, 
by  mwins  of  irXfKTimvnt,  discovered  thiit  noD-miif^t^tic 
screens,  placed  between  an  innuiated  copper  wire  helix  and 
nn  iron  bar  in  itti  axis,  dctrenscd  the  tna^etixitig  eSect  of 
n  dUchw^e  of  frictiona.1  electricity  parsed  throi^li  the 
wire. 

Boyle,  about  the  yesir  1670,  diwovercd,  by  :juitnblo 
experimenl«,  that  acid.-*  turm-d  oxtiiict  of  litmug  red,  and 
that  litmuH  tlierefore  was  a  teat  for  acids.  By  means  of 
iL|iI>ri)priat«  experiment*,  JIayow,  about  the  anmc  time, 
dwtovered  what  he  called  'fire-air'  {i.e.  oxygrn),  not  ordy 
in  tiic  air,  but  in  saltpetre  and  in  acids.  He  burned  some 
camphor  in  a  veiwel  of  air,  and  fmiud  (he  bulk  of  air 
dimtnUhed;  and  confining  a  mouse  in  a  vessel  of  air,  he 
obUiiited  a  similiir  eSect.  He  discovered  that  a  6re  con- 
sume:* the  same  kind  of  gan  in  the  air  as  an  aninml  does. 
He  also  concluded  that  the  *  fire-air'  unites  with  the  blood 
in  the  liiii}{)!  of  luiimals  dnrio};  breuttiing,  and  produces 
heat  of  the  blood.  Kuerhaave  {l>)ru  in  16(i8)  wiis  Pro- 
fessor of  Medicine  at  the  University  of  l^eydeti  in  1701, 
und  may  bn  considered  the  founder  of  organic  cJicmistry. 
He  dried  different  plant«,  and  distilled  them,  .ind  thus 
discoveri-d  various  essential  oils ;  he  calcined  the  residue, 
and  obtained  the  mineral  infrredii-nls.  By  analysing  ihe 
soils  in  which  they  had  grown,  he  found  the  source  of  thos« 
mineral  substance^  and  made  similar  experiments  and 
discoveries  with  regard  to  the  lit^ulds  ai  siums^'*.    "Vit. 
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f  [aks  al^  nhotit  tlti>  mmc  time,  made  the  fian)«  kind  o( 
experimenl^,  and  obtained  similar  results.     Dr.  Black,  in 
the  year  1755,  nuuli.*,  by  mttunx  of  «xpcrimtiiU  nod  oU^j 
«!r\Tit.ii>n!i,  one  of  the  first  alepa  tovarda  the  diseovery  ilH 
the  properties  of  individual  gaEee.     lie  found  that  lime- 
stoiitf  couxititod  of  a  fpui  iiull^  to  vmwlic  lime,  and  tl 
by  the  uoioa  or  fixation  of  thia  gas  {or  '  fixed  air,'  as  i^ 
ifoa  tben  called)  to  magncsln,  lime,  eoda,  or  potash,  the 
bod ]<•»  lost  thi^ir  oaiisticity,  and  lM<«ame  'mild'  a]k»lte«^ 
JIl%  by  GSporiniL-nt,  discovered  the  sume  gas  in  our  breathy 
ami  in  f<-rin«ntinf;  \k-ht.     He  further  found  out  «nnc  of  i 
chiof  properties,  that  it  would  precipitate  lime-water,  &c.\ 
but  it  wus  Ber^^uDD  who,  by  adilitioiml  expcri meats,  < 
covered  it  to  be  an  acid. 

Oavendiiih,  in  the  year  1766,  discovered  hydrogen,  hf^ 
adding  xiuc  or  iron  to  diluto  sulphuric  acid,  and  doUectu 
the  giLi,  and  testing  its  pr<>|)ertiMt  in  various  vAVf. 
found  that  it  was  combustible,  burning  with  a  blue  flai 
that  it  would  Dot  support  aiiimiil  life,  nor  t Jh- rombusUoii i 
a  ciindle  flanif,  thai  it  wa«  vi^ry  light,  and  thai  ithfu  mixe 
with  air  the  mixture  exploded,  on  the  application  of  a  fia 
Berjnnann,  idwtit  tJic  year  1770,  was  one  of  the  first 
■employ  chemical  tests,  and  by  mean!)  of  them  to  analyae  I 
etanwB.  minenil  wiiters,  Ac.     He  suspected  the  '  fixed 
(if  Dr.  Kbiclc  to  !«  an  acid,  b«'eau.«e  it  unit<>d  itself  to  lime, 
and  he  proved  it  by  means  of  experiment^  for  he  kne^ 
t.liat  diNximilar  ifiilwtimcH-H  imitod  clu-mioally  toother. 
di.«coverHd  the  specific  gravity  of  thiit  gaK,  and  ita  mIv 
bility  in  water,  and  called  it  •  aerial  acid,'  or  acid  air. 
wu*  by  meiin!<  of  wi-ll-coDcuivi-d  vxperimenta  upon  oxide  > 
mftrcury  that  Priestley,  in  nT-tidiseovored  oxyginj ;  u 
Sche«le,  by  using   black  oxide  of  manganese,  also 
covered  it  during  tlic  eam«  year.     Wenzel  madp  and  put 
lished,  in  171*7  >  loui'j  aocoxafub.  «:i.'^-.x\«w.aifi  of  chemical 
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Misl;»i«,  aud  disravend  tbat  the  proportions  of  tho  inRK'- 
dients  iif  3iiiTt<t.iiict«  were  (tuliiiitu;  ami  f>t>»iT\'ing  ttint 
wbea  two  neutral  saita  deootnpoiied  each  other  the  reeult- 
iii^  Kilts  wvK  uUo  i]oiitm1,  he  was  led  to  (he  discovery 
that  the  <I<^iiiiit«  propiirtion^  wn  ntciproc-al.  It  was  by 
meaos  of  the  experiment  of  burning  a  diamond  in  oxj-gcn 
ga«  thfii  havoisiiT,  aiMjut  tht;  joar  1778,  discoverer!  Iliat 
that  gem  was  comfjosed  of  carbon  alone.  Hy  burning 
charcoal  aLio  in  oxyf^ea,  and  analysing  the  prudtiut,  he 
di*covered  that  *  fixed  air'  wa«  corajioricd  of  tweniy-eigbt 
part«  by  weight  of  carbon  and  seventy-two  of  oxygen  !  and 
hitviug  found  tliat  most  Hubtilnncvs,  by  uiiiuo  with  oxygen, 
acquired  acid  properties,  he  called  'fixed  air'  by  the  name 
of  ciirlMniic  add.  Warltire,  iu  1781,  by  exploding  a  mix- 
lure  of  atraa->phi'nc  air  .-uid  hydrogon  in  a  closed  vessel,  by 
means  of  an  electric  spark,  discovered,  after  the  experi- 
ment, what  he  considered  to  be  water  adhering  to  th» 
inner  side^  of  the  vessel.  Cavendish,  by  means  of  similar 
experiments  made  in  1784,  with  a  mixture  of  oxygen  and 
hydrofj^^-n,  discovered  the  furjnalion  and  composition  of 
water,  Fourcroy,  Vanquelin,  and  Srgnin,  by  means  of  a 
CuiitinuotLS  series  of  such  experiments  with  that  mixture, 
lasting  from  May  IS  to  22,  in  the  year  1790,  diw^vered 
tliiit  it  produced  a  nearly  equal  weight  of  water.  Ritcliie 
alwj,  in  1792,  discovtrntd  what  the  proportions  wert^  of  the 
common  acids  and  bases  whii-h  would  satuiale  each  other. 
Uy  tying  an  artery  and  vein,  aud  observing  the 
mechanicfd  effects  Ujion  (Iki  two  sides  of  iheir  tied  parts, 
llarvcy,  in  the  year  ltil9,  was  k-d  to  smpect,  and  ulti- 
mati'iy  to  discover,  the  circulation  of  (he  blood.  It,  how- 
ever, required  nineteen  years  of  expeiiment  and  stady 
to  cunble  him  to  trace  the  entire  course  of  the  blood 
ihrough  the  whole  of  the  human  body,  and  completely 
prove  his  discovery.     It  was  by  means  ol  ac\:U»\  ex.YtA- 
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GQents,  made  durinj;  th«  middle  of  the  ctght^cntb  ocntuiy, 
tfant  Buutit^t  fiiid  iSp>allan7.ani  diiicovered  that  if  the  bi 
tails,  legs,  eyes,  or  even  the  lieJid  of  some  creattire. 
including  even  Kiirdpi)  Knails— wito  cut  off,  tbey  *wu 
ffmvi  aj^in.     The   tnil  and   legs  of  n  (xluiULnder  kmc 
removed,  nnd  reproduc4.'d   themselveti   aa  many  as  etgUHJ 
time*  in  s«cCfi«ion.     It  lm»  aUo  Ixx-n  found,  liy  rncan^^ 
of  experiments,  that  the  more  simple  (he  slructure  of  an 
nnimal  is  <hi?  niorv  do  its  Hevi-riil  pnrt^  possess  n  p»' 
of  independent  exi^ttence,  and  thnt  in  tlie  more  oompl< 
suimak  thi.-  dcmni^mont  of  one  part  much  more  off* 
tilt!  actiim  of  thft  eolire  organism.     By  putlin^r  two  li 
mice   in   a   closed   vessel    filled   with   pure  ox^^en, 
Pri'.-stley,  about  the  vcar  1  "74,  discovered  tlwit  tbey  Uw 
lon^T  than  in  an  equal  volume  of  ontinarr  air ;  he 
breathed  pure  oxygen,  and  felt  benefit«d,  and  said,  •  Vtlm 
can  tell  whiyther  thj*  pure  nir  may  not  ut  last  bocome  s 
fashionable  luxury?'     Ily  confining;  some  (fr<>wing  mint 
in  a  vesivl  of  air,  the  osyf*eu  of  vliieh  liad  bwn 
vorted  into  carbonic  anhydride  by  combustion  or  Iwoa 
in;;,  he  discovered   the  importaut   fact  that  the    air 
Uj^iin  R'udi-rcd  lii.  to  sup|>ort  combustion  and  life.     Somi 
of  tJie  earliest  experiments  to  discover  the  effects  of 
^'a^iKm  ou  animalo  werw    made   by  Fowler,  in    the  yi 
1793.     Sir  Humphry  Davy,  by  means  of  a  oerieii  of  e: 
periments  upon  himself,  hreathinir  particular  vapouiB  ai 
fjatii-M,  and  (jnidually  iin-rwising  llie  duration  of  iiiKpimtioi 
of  each,  discovered  the  intoxicating  effects  of  nitrouf  i>xi< 
or  '  lanrfhiiif;  gas,'  us  it  vras  afterwards  culled. 

TIte  foregoing  inHtaocee  constitute  only  a  small  pi 
of  the   discoveries  selected  out  of  the  multitudes 
have  been  made  by  means  of  experiment.    In  nearly  all 
of  t!>em  it  must  not  be  ituppmed  that  the  discoveries  were 
compkle\y  maAe  V-j  >st\v?t\«»av\  ^usqa.    V-T-vniment  vras 
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only  on(!  of  the  chief  *^cp*  in  (Ik-  proeesti:  Miijjgfiitioii, 
i magi lukt ion,  observatioii,  conii>anaoii,  and  inference  were 
also  employed,  and  conetitutcd  an  important  part  in 
th«  opirnition.  At  tlii^  »nme:  timt>,  n  certain  incre»»e  of 
knowledge  was  due  in  each  instance  to  vsperiment  and 
obsvrvution  alnne,  and  «o  far  experimi^iit  alone  may  be 
regarded  as  a  fertile  Bource  of  new  discoveries. 

a.  By  tnaiiiwj  or  repMthiy,  in  a  modi/md  form, 
ftrpei-i«i«i(»  «uffge9ted  by  oth«r  persona.  —  Sometimes 
one  man  suggestM  »n  expcrimiiit.  and  another  carries  it 
OHt,  or  P-peal*  it  in  a  modified  form.  'Hook«  pro[xi*ed 
to  observe  the  vibrations  of  a  bell,  by  strewing  flour  upon 
it.  But  it  wus  C'hlndni,  a  Gerrniiii  pliiloKOphi^r,  who  vn- 
ricbed  iw:<m»tii:x  with  the  discovery  of  the  vast  variety  of 
symmetrical  figures  which  are  exhibited  on  platee  of 
regular  fcirm)<,  when  made  to  wurad.' '  Newton,  iibmit. 
the  year  1770,  wnggeated,  htit  Lagrange  discoverflii,  ihitt, 
the  cause  of  the  moon  always  prc-scnting  the  same  ride 
to  the  wirth,  w.i«  the  attraction  i>f  the  latter  upon  th« 
gwfillii^  at  the  lunar  equator.  Previous  astronomem  sug- 
gested, and  Adum4  and  Lc  Verrier  confirmed  by  calcula- 
ticiii,  that  th*  orbit  of  tlie  N"v<»inl»r  meteon*  extciidwl 
beyond  rraniis,  Volta's  great  discovery  arose  from  re- 
peating Galvnui's  cxperirornts  and  studying  the  results  ; 
hi!  mad«  his  celebrated  pile  in  (he  year  IRdO.  Wart- 
mann,  ID  the  year  1846,  by  repeating  with  rays  of  heat ' 
the  cxpi^rirooiit  which  Faraday  in  1845  had  made  with 
rajs  of  light,  discovered  the  rotation  of  the  plane  of 
polarisation  of  heat  rays  by  miigtii^tiMm.  By  modifying 
the  uppunituN  employed  hy  Faraday  in  the  liquefaction  of 
gases,  1  was  enabled  to  subject  a  large  number  of  solid 
and  liquid  sulwtanwn  to  the  action  of  liqiielied  carlnoic 
anhydride,   ammonia,   cyanogen,   and    hydrochloric   aetd 
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1  ga»es,  an;)  to  discover  tlw  approximate  decree  «F  electrir 

■  conduction  rotustanceaf  liquid  carlKiuicanltydndv.     Wail- 

W  tire'ii  experiment  of  exploding  a  mixture  of  oommoD 

fc  aud  hydri>}j;pD  in  a  uI<Mcd  vu8M;1,  Id  order  to 

^H        whether  h«at  wao  a   ponderaltle  !)ii1>iitanc«,  suggn«t«d 
^H        Cavcudish   bis  vxperime&t.  by   meuDs  of  which  he 
^f        coverwl   the  cotii[)Oiiitioii  of  watw   by   syuthvsie. 

Scheelo  had  discovered  that  nitrate  of  silver  tumit  Ijlatik 
tho  violet  ray*  of  the  Kjieclmm,  Kitt<;r,  in  the  year  1801 
by  repeating  tlie  experiment,  found  that  th*?  (jruat 
blucticning  effect  took  place  not  in  the  yellow  or  brifj^E 
pail  of  the  t)p<H^lrimi,  nor  even  in  th<'  vixiblo  poirt  at 
but  at  a  little  distance  beyond  the  violet  end.  ThI* 
tlie  origin  of  photi^Mphy.  By  nuikiiig  some  impmvt 
in«nt8  in  the  apparatn»  employed  by  ^ilairnuit  fur  tc^ic 
the  transparency  of  puBes  to  radiant  heat,  J^uflf  and  He 
wi:g  were  eiiabl<-d  to  discover  tiiat  nir  containing  aqueon 
vapour  was  but  little  more  opaque  than  air  aliin<%  un^ 
much  lesi  so  than  it  had  boun  previou^^ly  ^uppoced  ia  beA 

b.  H>i  fxiendlng  the  ri-gearchea  of  oMwc. — Very 
scientihc  researches  are  entirely  novel.  In  nearly  all 
them  KMuething  ha«  already  Wen  doi^e;  and  in  many  ' 
original  re^arch  of  one  man  ia  only  extended  by  atiothvr 
citlier  by  mrans  of  additional  experiments  of  a  similar 
kind,  or  by  extending  the  same  rei«eai\'h  in  som«  par- 
ticular direction :  aud  indeed  the  whole  realm  of  twi 
knowl<^l|;e  may  be  eoosidered  a*  Iwiug  evolved  by 
va^t  research,  of  which  different  investigatorM  (U^vloj 
particubir  branches.  We  require  to  stand  upon  the 
jinfiti  of  the  known,  in  order  U>  Iw  able  toae<iuir«  a  vie 
of  the  unknown. 

After  on«  man  hns  discovcn-d  an  uppuicntly  singula 
property  in  a  substance,  either  himMt>If  or  otherj*  dixcovc 
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tbe  same  in  a  large  munWr  of  bodies.  Out  of  a  very  large 
Dumber  of  itistanc^^K  u-liirh  mi^lit  W  mi-utiom-d,  I  »vIkcL 
a  very  few.  AfUir  the  property  of  magnetlttm  had  beeu 
discovered  in  iron,  and  that  of  electric  attriiotion  in 
siobttr  vrhitrh  had  iH-i-n  nibbed,  (lilbiTt  (-xl'-iidi'd,  t>y  ineaus 
of  experiments,  the  list  of  magnetic  bodies,  and  of  those 
which  bccniiii!  clci^tric  hy  friction.  Aflvr  Sccbtwk,'  of  Bct- 
lin,  had,  in  the  year  1822,  discovered  tht-nno-etectrioity, 
Professor  Ctimmitig,  of  Qambridfre,  in  the  ycsr  182f^ 
extended  the  tuinibt-r  of  tharroo-elvctric  eiib»tano<^  and 
determined  their  order  in  a  series.  Haiiy  similarly  ex- 
tended the  list  of  pyro-«l«ctric  bodies ;  Faraday  that  of 
lit|aefial<Ie  ^;Hse.i  and  of  magnetic  iaibat.tn(;ej ;  Stuk<.'it  that 
of  duorescunt  ^ubstancei^  &<;.  &c.  It  having  been  dis- 
covered by  I)e  LiiR,  in  the  year  1755,  that  ice,  during  the 
act  of  melting,  did  not  rise  in  temperature,  although  heat 
wa«  being  abnorbcd  by  it,  otiior  invutit^tors  subsequently 
diicoTered  that  alt  Aolid  aiibstanceii  which  are  capable  of 
mcltioff,  remain  stationary  in  temperature  during  tbe  act 

of  fUKIOII. 

Other  discoveries  are  often  made  by  extending  the 
naearches  of  a  previous  investigator  in  a  more  or  \e^  new 
direction,  (inlilvo,  having  beard  that  Lipporsicy,  a  Dutch 
maker  of  spectacles,  had  oonatnicted  and  presented  to 
Count  Maurice  of  Nassau  en  appondiis  which  caused 
diitLint  objectd  Iv  appear  nyar,  rtTpenteil  his  expcrimcnti 
developed  the  telescope,  and  thus  laid  the  foundation  of 
modern  astronomy.  Gcrboin,  in  ll^OI,  having  discovered 
tbe  electrolytic  movements  of  miacury.  Sir  John  Herschel, 
in  1823,  liy  extending  the  research  on  that  subject  in 
various  directions,  diiscovcn'd  a  numlHjr  of  new  truths ;  and 
the  author,  by  a  similar  process,  in  the  year  18G2,  wai 
led  to  discover  the  phonomenon  of  '  cloctrolytic  sounds.* 
Fraiinhofer,   Fox   Talbot,    Brewster,   VaT\   Act  'Ssx^v^'ft, 

H   S 


546 


ItriECtAL   METHODS  Of    DIA-'O^KHT. 


Stok«8,  W.  A.  Miller.  Angatrom,  Tlialea,  Swan,  Bun* 
Kir<;hoff,  Lnckycr,  Janeson,  and  other:,'  by  extending  tl 
iDvr«tigiition  i>l'  jipeotral  linwt  origiimlly  dijicrtvcird  by  SVtii 
laston,  evolred  the  entire  science  of  xpectroscapic  knnlyniL 
c.   By  tuihg  known  inatrumenU  trr  /orixt  in  a  new 
way. — Sometimes  «ven  a   flight:   variutton  of  a   IcnovD 
expcrimtnit  is  attended  by  a  diSerent  effect,  and  l«id» 
til  a  disenvery.     By    lliv  ompIoynMMit  of  tht-  pri»m  iu  IH 
novel  manner.  Newton  waa  enabled  to  make  hisi  motno^l 
ruble  diitcovery  of  tlie  composition  and  dispersion  of  while 
light ;   and  nt-nrly  all   t)K>  dUcovencR  which  hara  sincM 
been  miule  in  spectrum  anatyHe,  and  which  now  contiituw^ 
a  very  iraportatit  brancli  of  physical  luietkoc,  were  effected 
by  &  similar  met ho<L    In  the  year  17T-^,  Graham  »^ 
thft  employment  of  the  ma^etic  penduUim,  or  needle  i 
oaoillation,  to  ili)>cover  the  varJationR  of  magnetic  iDton*it; 
The  iiBe  of  the  voltaic  current  also  in  a  particular  new" 
way  lod  to  the  dincovcry  of  the  atkali'metaU  by  Davy, ' 
deoompo»tionofwater  by  Nicbolsonand  Carlisle  (on  May] 
1 800),  and  to  the  whole  of  the  discoverios  which  have  sir 
bwn  ramie  in  tJie  wnence  of  eleotro-cbemii'tn'.     'Messn.^ 
Nicholson  and  Carlisle  were  the  lirst  persona  who  repeatdd 
Volt(i*8   exporiments   with   the  voltaic  apparatus,  which 
)(pee<lily  drew  the  attention  of  all  Kiirope.   They  ascertaiiUM) 
that  the  zinc  end  of  the  pile  was  positive,  and  the  copper  end 
negative.    Hiipix-ning;  to  put.  a  drop  of  water  on  Ibf  upper^H 
most  plate,  and  to  pub  into  it  the  extremity  of  a  giM  wir^| 
connected  with    the  undermost   plate,  tliey  nbservi'd  aa 
extrication  of  air-bubhles  from  the  wire.    This  lei)  them  to 
suspect  that  the  water  was  decomposed.    To  detcnnine  the 
point,  tl>«y  collected  a  tittle  of  Uie  gas  extricated,  and 
found  it  hydrogen.     They  then  attached  a  gold  wire  to 
the  zinc  cod  of  the  pile,  aiwl  another  gold  wire  to  the 
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Bpper  end,  ami  plungt^d  the  two  uinr*  info  it  nhff  of 
'Vater,  takinf^  care  not  to  allow  tbem  to  toucb  eacli  otlnr. 
Gas  Vitus  extricRtwl  from  l>otIi  wirt«.  On  collecting  that 
the  wire  attaclied  to  the  zinc  end,  it  was  found  lo  lic 
^gen  gas,  whik  that  from  the  copper  end  was  hrdrogen 
gan.  The  volumn  of  hydrogen  gna  «xlriciit«-d  was  just 
double  that  of  the  oxygen  ga« ;  and  the  two  gase»  heiogJ 
mixed,  and  an  ttlectric  spark  passed  tliroiigh  them,  they" 
burnt  with  an  explosion,  and  were  completely  converted 
into  water.  Thns  it  whs  demons  I  rated  that  water  was 
decomposed  by  the  .-letion  of  the  pili%  and  that  tht;  oxygen 
yns  extricated  from  the  positive  pole  and  the  hydrogen 
fniiii  the  netpitivc.  Thiri  hfid  when  the  commimicating 
wiles  were  gold  or  platinum ;  but  if  they  were  of  copper, 
iijlver,  iron,  lead,  tin,  or  zinc,  t]ien  only  hydrogen  gas  was 
extricated  from  the  negative  wire.  The  (toaitive  wire 
evolved  little  or  no  gap,  but  it  was  rapidly  oxidised, 
llins  the  connection  l>etwcen  cbcmicid  decompositions nnd 
electrical  currents  was  6rst  established.' '  By  using  the 
voltaic  curi-ent  in  a  new  manner,  Gerboin,  in  the  year 
1801,  discovered  the  electrolytic  movements  of  mercury. 
Trommsdorif  also,  about  the  your  1803,  by  employing  very 
large  plates  in  a  voltaic  lialtcry,  wa*  the  lirst  to  discover 
that  tbin  loavex  of  metal  might  l>e  ignited  by  means  of 
voltaic  electricity.  It.  was  by  using  jii  a  particular  manner 
the  conductor  of  a  voltaic  current  that  Oersted  discovered 
eleotro-magnetism,  and  Amp^ie  discovered  the  laws  of 
electro-magnetic  action. 

In  the  priiducl  ion  of  colours  fromwhit*  light  by  means 
of  thin  films,  Newton,  by  adopting  the  device  of  pressing 
two  glass  lenses  together,  watt  enabittd  to  iliscovcr  the 
thickness  of  the  film  which  was  necessary  for  the  produc- 
tion of  each  colour.  By  examining  tlic  different  kindt. 
'  Thornton,  //itlarji  */  fhrmiitry,  w-l,  U.  p.  ISA. 
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of  solar  raj-B  by  meaBs  of  a  Uiermometer,  W.  Uerschel,  in 
tbe  year  1800,  (li^'OvorMJ  the  dark  lieat  raj-ti  of  the  nolar 
«poct nun.  Fizeau  suceeaefolly  employed  a  revolving  mirror 
for  detennining  the  velocity  of  light.  McUoni  adopted 
the;  mntltod  of  uxiiig  a  thenuo-electric  pile  and  galirano* 
meter  as  a  measureof  radiant  heat,  and  made  an  extensive 
series  of  detcrminationit  of  the  relative  dcj^ni's  of  tians- 
uan-iicy  of  different  solid  and  liquid  bodii'.*  w  ray»  of  heat 
fay  niea»s  of  it.  Tyndall  also  employed  a  very  delicateal 
method  of  deteriiiiiiinf;  the  ruUlJve  dvgreen  of  UuTmic^l 
opacity  of  vapours  and  gases  by  means  of  tbe  saake  instni* 
mt-nts,  and  evolved  many  new  tniths.  By  appl>nnf;  a  steady 
pull  to  the  end.i  of  wires  whilst  raising  tltem  to  and  cool- 
ing them  from  a  temperature  of  redness,  I  discovered  a 
tiudden  molecular  cluin^r  in  iron.  By  encloaing  tbe  wire 
in  a  glaw  tube  provided  with  a  small  exit-pipe  oontaio- 
infj  water,  Profewor  Barrett  discoverotl  that  tlio  molecaUr 
ctmDf;e  during  cooling  wa«  atten<led  by  a  Kiidden  evolu- 
tion of  Iieat;  and  Dr.  Norn's,  by  devising  and  using  my 
third  and  different  mode  of  manipulation,  has  recently 
been  enabled  to  investigate  syntematically  in  a  difft^re&t 
way  this  anomalous  phenomenon. 

d.   By  muking  d/nvn-sn  «xp»rim«nt»  to  tAoM  already 
/mown, — This  plan  is  based  upon  tJie  mechanical  principle 
of  action  and  muction,  and  «oine  very  important  discoveries 
have  he«n  made  by  its  means.    An  electric  current  having 
been  found   by  Oersted  to  produoe  magnetism,  Faraday 
adopted  thia  method,  and,  by  a  converse  form  of  Oentcd'i 
experiment,  discovered  the  way  to  produoe  electric  currenu 
by  means  of  m»f*ii(-li>m,  nud  hud  the  fbimdation  of 
branch  of  science  called  magneto-electricity,  and  all 
great  technical  appliances.     Peltier's  discovery  of  elect 
Ihcrmucy  wa*  also  effected  by  means  of  eouvcrse  forms  of 
experiment   \a  VXiw*.  fcitt^«^fe\  Vj  %rrV»»]Il  Ut  diwovci 
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thermo-f'lcctricitj-.  In  devtsiii^  vxpcrimt-uts  of  thia  kind, 
t)i«  great  invdianical  l;iw  of  equality  nf  ttction  and  ivuction, 
and  tile  principle  of  etiuivalency  of  forceSf  must  be  re- 
mwiubcred ;  al«>  tbu  fact,  Uml  wIiIInI  in  a  direct  experi- 
mcnt  a  cause  iiiay  product!  a  conspicuous  effect,  in  the 
coovene  experiment  tlie  cauocs  may  l»c  distributed,  or  ho 
operate  a*  to  pri>ducf  only  a  feeble  effect ;  and  tbc  di-grwj 
of  any  particular  effect  cannot  usually  be  determiuvd 
ttclbrcbnud.  Tlie  convi.':rsc  form  of  Karnday'ii  grsot  dis- 
oorery  of  the  inagn«t  ic  rotation  of  polarised  light  has  not  yet 
been  discovered,  and  in  well  worthy  of  bt-ing  sought  for. 

«.  By  tvitjtctmg  diffurent  j'onx4  or  a  aerie«  of  eub- 
stancea  to  similar  uetv  conditions. — ^This  Qieth<Kl  ia 
adapted  to  discover  the  dt-grecof  univc-nmlily  of  a  particular' 
property.  F<)r  instance,  by  RUspeuding  a  great  variety  of 
Bubetances  free  to  move  between  the  polos  of  a  powerfiil 
magnet,  Faraday  dismvcred  th«  universality  of  inugnctisoi ; 
Coulomb  bad  previously  made  a  similar  attempt. 

[t  is  also  eminently  emtablc  for  diiKovcriag  entirely 
now  and  unsiicpcct^^d  phenomena.  Hy  it  we  laay  *oive 
the  ^lingular  and  apparently  insoluble  problem,  how  to 
March  for  something  new,  and  be  sure  0/  priding  it. 
This  method,  like  >no:<t  othent,  depends  for  ita  suecesx 
M}wn  the  principle,  that  if  we  put  matter  or  its  forces 
under  new  conditions,  new  effects  tnke  place.  If  we 
further  put  a  suflcient  iiuirO>er  of  forces  or  anbHtancc'^ 
under  (Jie  new  conditions,  some  of  the  more  conspicuous 
iBSlanees  of  the  new  uffcct  are  very  likoly  to  be  in- 
cluded, and,  being  conspicuous,  will  be  thrust  upon  oiu: 
notice.  This  plan  usually  affords  only  a  very  suiail  pro- 
porti«>n  (I  have  found  about  one  or  two  per  cent.)  of  new 
rc«ult«  ;  it  is,  however,  a  certain  one,  provided  one  or  two 
hundred  Bub^tanccs  ivro  employed.  Bui  if  only  a  small 
number  of  Bubstances  are  n»ed  it  is  very  unwt\a.\'n,\KKawEi6 
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we  look  onl)'  for  wUat  we  expect,  and  we  see  only  what  we 
lt>!>k  for,  aad  fiiil  to  »ec.  what  w«  do  not  look  fort  «vea 
though  it  be  present,  uolees  it  exists  ia  a  oonsptcoous 
degnn^.     I  have  used  lbt«  lootliod  with  poriirct  tmcoem  on 
several  occanon^.    Ky  sul>je<;tin^  a  large  number  of  metal* 
lie  sol»tiuDs  of  various  kinds  to  electrolysis,  1  found  what 
13  called  *  explosive  or  amorphous  auUmon;,'  and  by  tcpn- 
rtttoly  immersing  a  great  varletjr  of  subetODcee  in  liqns- 
fied  hydiDchloric  avid  gaw,  I  diRcoverc-d  that  caustic  limt, 
after  being  imm«r«ed  during  seveial  days  in  tliat  li^iuid 
uad«r  a  preteunj  of  about    1,100   lb*,  per   square  ineb, 
which  forced  the  acid  into  all  its  pores,  perfdcUy  retained 
it.1  alkaliaily  contrary  to  all  anticipations  derived  from  ^ 
previous  chciniual    knowlinlge,  i.«.   notwithntanding   tbeAj 
powerful  tendency  of  the  hydrogen  of  the  acid  to  unite" 
with  the  oiygcn  of  the  lime  and  form  water,  the  great  pre-     n, 
disposition  of  the  chlorine  to  combine  with  the  calcium  to^| 
form  a  salt,  and  the  extreme  avidity  of  that  salt  to  umta^ 
with  the  newly-formed  water.     In  a  similar  way,  by  sub- 
j<-cting  large  numbers  of  substances  to  contact  with  various 
liiiuetied  ga^cs,  e.;/.  carbonic  anhydride,  ammonia,  cyano- 
gen, and  hydrocyanic  acid,  several  olhi^r  new  and  inlcmt- 
ing  remits  were  obtained.     JMaoy  other  similar  researches 
with  other  liquefied  gan's  remain  yet  to  be  made. 

/.  By  examinintf  the  effect*  of  a  particular  font 
upon  trtiAsfancea. — As  there  are  various  forces,  and  many 
ways  of  applying  them,  this  method  i*  extiemely  varied 
and  extensive,  and  may  be  divided  into  a  number  of 
more  limited  ones;  and  to  describe  all  the  disco\'ejries 
which  have  Ixwii  madt;  by  moang  of  it,  would  require  a 
treatise  to  be  written  upon  each  of  the  physical  and 
chemical  sciences. 

Vnriouit  diMOverim  have  resulted  from  applying  pres- 
sure to  BuWta.nce».    T\i«  ><t«:VV-^u3o«a  law  of  Buvle  and 
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Mitriottis  that  tko  volutne  uf  a  gas  at  a  given  liMiipcratu're 
varies  im-ersely  as  the  degree  of  preseiire  put  upon  it,  wan 
arrived  at  by  subjectin;;  gases  to  dndDitv  ilcgrcev^  of  com- 
prcMion.  By  sribjwtiiig  g.ises  to  the  wmjliiiii'd  inSuenco 
of  great  pressure  and  cold,  Davy,  Faraday,  Natt«ri:r,  aod 
others  gucceeded  in  Uiiut-lyinj;  those  which  could  not  be 
li<)utfiv(i  by  pressure  alone.  By  examining  polari^  light 
aiao  whilst  it  was  passing  through  bodies  eubjected  t^ 
uiu-rpiul  mechanical  foice,  Br«ws(er  and  others  di»covored 
sfin metrical  changes  of  internal  structure  in  Ixidies.  The 
eotire  science  of  photo -clie mist ry  and  tlie  art  of  photo- 
graphy were  evolved  by  examining  the  effect  of  light  upon 
various  chemical  compounds. 

An  iminen^  number  of  chemical  and  otiier  discoveries 
bare  alito  been  made  by  applying  heat  to  various  substances 
and  mixtiu-es  of  gubctanceH.  It  was  by  this  means  the 
great  trulii  was  gradually  discovered,  that  all  simple  bodi*^ 
are  converted  into  vapours  or  gases  at  a  sufficiently 
clevatMl  temperature,  and  compouud  ones  were  «iUier 
similarly  affected  or  were  decomposed.  The  alchemi«t» 
employed  this  method  extensively,  and  thereby  discovered 
motit  of  the  common  acids,  many  volatile  l>odies,  t^c  pro- 
perties of  gunpowder,  &a.  Djafar,  or  Oeber,  a  great 
Arabian  chemist  who  li\'ed  towai-ds  the  end  of  the  ninth 
(Mjotury,  obtained  liquid  nitric  acid  by  distilling  in  a 
retort  Cypnis  vitriol,  alum,  and  ."altpetre;  Rhazes,  an 
Arabian  [ihynieiau,  bom  a.d.  860,  obtained  fumiug  sul- 
phuric acid  by  distilling  green  vitriol ;  he  also  prepared 
concentrated  alcohol  by  distillin|;  spirit  of  wine  with 
quicklime.  Tiie  .\rahians  at  that  period  were  al»o 
ac<)u%iDted  with  the  effect  of  heat  upon  automatic  fire, 
made  Irum  t^jnal  part-t  of  sulphur,  tudtpetre,  and  sulphide 
of  antimony,  to  which  was  added  liquid  asphaltum,  a  little 
quicklime,  and  some  juice  of  sycamore,  ^''^^  \A:i>i  uutX^nia 
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driMi ;  thej  iHto  made  gunpowder  from  one  part  of  solS 
phur,  two  of  charcoal,  and  six  of  Ealtpetre,  and  employed  " 
it  for  filling  rocki>ti«  ami  crack^^t^.'  _* 

The  discovery  of  phosphorus  hy  Brandt  may  be  eonfl^ 
sidctvd  to  liuvc  uri»cii  ill  »  similar  way.     Towards  the  eod 
of  the  eighth  centtuy.  Achild  Uechil,  a  Saraoei),  di«tilW 
a  mixture  of  dried  extract  of  iirioc,  clay,  lime,  aiid  pow- 
dfir<>d  charcoal,  and  thereby  obtained  an  artificial  carbt; 
which  shoDf  in  the  dark  *like  a  fiiU  moon.'*     In  tbf?  y« 
1669,  pho^phoniH  was  again  dit^covcrixl  in  human  urinei 
*  a  dark,  uoctuoiiR,  daubing  mass,'  by  Bran<It,  a  nn-rdun^ 
of  Hamburg,   while   searching   for  a   liquid   capable 
transmutiDg  silver  into  gold.    By  applying  lie«t  to  oxxil 
of  nicrniry,  Priestley  in  the  year  177-1  discovered  oxygtn, 
and  by  healing   black   oxide   of  miiu[^oe«e  to  redaess, 
Scbeele  in  the  following  year  re-disco^iTed  timt  gaa. 

The  discovery  of  )iy])onitrou)i  acid  is  also  an  infltance 
the  effect  of  heat  upon  sulxil^nces.    '  Mr.  Gaho  happening 
to  be  one  day  in  the  shop  of  Mr.  I.oock,  that  gentle 
mentioned  to  hiui  a  clrciirnxtann^  which  had  lately 
curred  to  him,  and  of  which  he  was  auiioii*  to  obtain  an' 
esplanation.     If  a   ipumtity  of  saltpetre  be  put  into   a 
crucible  and  raised  to  snch  a  t^-mperature  ak  shnll  not 
merely  melt  it  but  occasion  an  aj^tation  in  it  like  Imilii 
and  if,  after  a  certjiin  time,  the  cruciblo  be  taken  out 
the  fire  and  allowed  to  oool.  the  iialtpetre  rtill  continue 
neutral,  but  its  properties  are  altered;   for,  if  dixttllfd^ 
viiicgitr  l»e  poured  upon  il,  n^d  fume*  are  given  out,  while 
vinegar  produces  no  effect  upon  the  saltpetre  lieforc  it  hsf 
been   tlma   heated.      Mr.   Loock  wished   from  Gahn  an 
esplanution  of  tlic  cause  of  this  phenomenon ;  Gahn  was 
unable  to  explain  it,  but  promised  to  put  the  qutstion  to 

■  Sri!  DtKtier.  tntelketval  Dtttltfrntnt  if  Bmrvpt,  p.  S03. 
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Profe»9or  HergmanD,  ^le  diii  so  apcordingly,  but  Herg- 
manii  wa«  ii«  unnblu  to  lind  iin  expluniitioii  u«*  liunticll'. 
On  returuing  a  f<^w  days  aft«r  to  Mr.  Loock'a  shop,  tiahn 
was  informed  that  there  wa^  a  young  man  in  the  shop  who 
had  ghwTi  uii  Btpliiiiationttf  iJie  [)lienoio<-noii.  Thin  young 
man  wna  Hcheele.  who  had  informed  Mr.  Ixiock  that  there 
were  two  species  of  ncids  confoundefl  under  the  name  of 
spirit  of  nitre^  what  we  at  present  c-uU  nitrir  and  hypo- 
nitr<ni9  acids.  Nitric  acid  has  a  stronger  affinity  for 
potash  than  rini-gnr  hs»,  hut  hyponitrous  acid  has  a 
weaker.  The  lieai  of  the  tire  clianjjea  the  nUric  acid  of 
ths  saltpetre  to  hyponitrous^  hence  the  phenomenon.'* 
It  vm  hy  olwiTA'ing  tliat  whi-n  '  merenrinl  culx  '  (».«.  oxide 
of  mercury)  wao  heated  alone,  it  evolved  '  pure  air '  (i.*. 
oxygeu),  and  whtti  heated  with  charcoal  it  gave  out  '6xed 
air' (i.e.  e.irhonic  anhydride)  that  Lavoisii^r  in  1775  dis- 
covered that '  fixed  air  '  is  composed  of  '  pure  air  '  united 
to  carhon.  It  was  also  by  the  appUciktioii  of  heat  to  tht; 
junction  of  two  metals,  viz.,  bismnth  and  copper,  connected 
with  a  gal  va  no  in  lit/' r,  that  Scebeck  in  IS22  made  the 
important  discovery  of  thennu-eh-ctricity ;  and  hj  ex> 
posing  prismatic  crystals  of  i^ulpbate  of  nictte]  to  solar 
heat,  Mitscherlieh  diwcoviTcd  thiit  they  became  altered  in 
atruotm«  and  converted  into  minute  octohedronn  with 
sipiaro  IxuicM. 

Many  discoveries  have  bt-en  made  by  applying  el«c- 
tricity  to  bodies  and  examining  the  effects.  In  this  way 
Ott'i  Ounricke  discwverwl  that  electrified  bodies  repel  c«ch 
other.  Hy  imparting  st.itic  electricity  to  an  intiulated 
wire,  666  feet  long,  Gray  imd  Whcler,  in  the  year  1729, 
discovered  the  important  fact  of  eleclric  conduction.  By 
the  same  method,  between  the  years  1720  and   1736,  the 


■  TliODUon,  ZTiatmy  p/C'J^inwtrjr.'ral.tv.p.EA. 


I 


SPECIAL  UKTRODS  OP   DISCOTIBT. 


same  investif;utor«  discovered  that  th«  human  bodjr  is  a 
conducLiir;  that  8ul[>bur,  resins,  &c,  whea  melted  and 
allowed  to  cool  upon  insulntont,  were  electric ;  aud  tluit 
electricity  may  he  retaint>d  in  hodie«  by  wrapping  them 
in  womted.  By  applying  tlie  electric  force  to  the  beail 
of  a  HM^ently  killed  ox,  Aldini  in  1796  dtMiOTered  that 
jiowerfitl  muscular  contraotions  were  produced.  Hy  pui- 
iu^  electric  spiirkit  tlirou^^h  a  mixturv  of  oxygen  and 
hydrogen,  Fouroroy,  VaiKpieltn,  aud  8<.fguin  in  1790  di^ 
covered  the  qualitative  compositioa  of  water  synthetically, 
and  in  the  name  year,  by  poiwiu^  tht;  ul«ctri<!  Kparic,  \ij 
means  of  fine  ^Ul  wtreii,  as  electroded,  throuj^h  waltf, 
Paetz  and  Van  Troostwik  discovered  the  electric  decoo* 
position  of  water.  By  tueiuiH  of  voltaic  <rleoLrici(y,  in  tie 
year  It^OO,  Cniiclt  shank  discovered  the  effect  of  that  fom 
on  litmus  paper,  and  Dr.  Homy  decompoMid  nitric  and 
sulpbimc  ac'uU.  flj 

Jt  was  by  applying  the  voltaic  current  to  mnous  snb^^ 
KlancvM  inatiitnilarwayto  that  in  which  NicbolWD  and  Cu^ 
lisle  bad  applied  it  to  w;iter  Oiut '  Henry,  Haldane,  Dav^ 
and  other  exi)erimenter!t  found  that  other  chemical  com* 
l>ouud«  were  decompoeed  by  the  eletrtric  eiUTent^  at  wtU 
ns  water.  AiiiEnoiiiu,  for  example,  nitric  acid,  and  variom 
KultK  wore  decomposed  by  it.  In  the  year  IH03,  an  im* 
]>ortant  set  of  experiments  was  publislted  by  Henclius  and 
Hisinger.  They  decompoced  eleven  different  anits  by 
exposing  them  to  the  action  of  a  current  of  elcctricitj. 
TJie  salts  vii-rf  diwolved  in  water,  und  iron  or  silvef  wira 
from  the  two  poles  of  the  pile  were  plunged  into  the  6oti»< 
tion.  In  every  one  of  these  decompositions  the  a<^d  «u 
deposited  round  the  positive  wire,  and  tbe  base  of  the  alt 
round  tbe  ncgntive  wire.  When  ammonia  wa«  decon- 
posed  by  the  action  of  gulv»iiie  electricity,  the  azotic  gas 
separated  ftomOw.  ■y(»6\\.\\'6'wv[^i,aad  tbe  hydrogen  ftom 
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the  negative' '  By  mrcfying  guMiti.  aiid  pa.'<eiiig  vleotric 
iJitwItiu^M  throii<;ii  tItetQ,  it  has  been  diM-ovened  tbat  the 
resistnnce  to  the  pansagc  of  tliat  force  t)iru»;;h  tbcm  d«- 
creases  iw  ili«  ilogn-e  of  rarerat^tiou  of  thi-  gas  w  inoreaited, 
up  to  a  ctfttain  high  degree ;  but  beyond  tbat  it  iocreafes 
until  the  force  will  not  pa!is  at  all. 

ff.  By  extimiiunff  the  itffect  of  mutual  contact  of  sitft- 
tUinces  upon  each  otlier, — Numerous  discoveries  in  the 
Kubjvcts  of  perctoBsion,  friction,  adhwion,  capillarity, 
endiMmofle,  a^imose,  absorption  and  ditfuRion  of  liquid* 
and  gases,  cbcmicsil  action,  the  escit«ment  of  frictiaoal 
and  voltaic  i-letitricity,  have  Ik^u  mado  by  thi«  iiielbod. 
This  mode  of  procedure  is  a  very  common  one  in  che- 
mistry, and  ix  th«  u«ual  one  of  diKcowriiig  new  cbcmical 
reactiona  and  compounds ;  tbouaand)*  of  new  cht^mical  facia 
have  been  found  to  this  way.  Vi'it  may  always  safely 
assume  the  hypothesis  tliat  each  stibstanc*^  eitlRT  unites 
chemically  with,  or  actn  in  itome  other  wjiy  upon  many 
others ;  and  as  soon  as  any  new  elementary  stibTitiinoe, 
or  any  new  acid  or  ba*e  i«  diKcovereil,  we  may  prooeed 
to  deiise  and  eseciite  experiment-i  foundi-d  upon  that 
idea.  Pouillct,  in  1S22,  discovered  the  general  truth, 
that  when  a  lit]uid  wets  a  i^olid,  or  is  absorbed  by  it,  heat 
ifi  evolved. 

Every  new  chemical  ilemvnt  liaB  been  successfully 
treated  in  this  way,  and  almost  the  entire  fabric  of  ohe- 
tnioal  reai-tiDUM  and  compounds  has  been  erected  bv  this 
method.  Nearly  the  whole  series  of  testn  in  analytical 
chemistry  were  found  by  means  of  it ;  it  has  aliio  been  the 
ba^iet  of  an  almost  unlimited  number  of  manufacturing  pro* 
ceases,  and  to  illustrate  it  ftdly  would  Ik^  nearly  equivalent 
to  writing  a  history  of  chemistry.  As  almost  every  sub- 
stance either  combines  with  or  act*  upon  nearly  every 
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other  RubsUuioe  under  suitable  cnndilions  of  pressun, 
temperature,  electroIyeiB,  &x;.,  an  slmoet  ioBnitc  scries,  of 
vvcr-increfluting  cjclciit,  of  new  ooinpound*  itt  conUnually 
expanding  betbre  us  iu  our  views  of  the  chemiEtiy  of  ibe 

futUIX'/ 

During  tlie  ninth  centurr,  Oeber  discovered,  b;  tniX' 
ing  together  nitric  Kcid  and  nlammonisc,  tJiat  a  Uqinil 
nas  formed  which  wa»  capable  of  disttuiving  ^Id.   Sj\ 
,  B  mcdic&l  man  of  Amsterdam  (bom  in  16)4),  by  em 
ing  tlttit  method,  was  dim;  of  the  firU  to  diHiovcr  that 
'wibBtaDce-s  which  by  mutual  contact  acted  violently  upon 
each  olbiT,  by  their  union  lost  their  violence ;  und  thi! 
discovery  has  ever  G<ince  constituted  a  fundamental  part  of 
the  idea  and  deficitioQ  of  chemical  energy. 

By  exaiuiuiug  the  contact  action  of  sub«tnnc«s  upoo 
each  other,  Boyle,  about  the  year  1670.  and   Herguaoa 
(about  the  year  1770)  made  many  chemical  discovert 
The  gn^at  vulue  of  IbiK  methotl  of  tiiiicovery,  e*\ 
m  the  science  of  chemistry,  is  well  illuEtmtcd  by  the 
tliat  Schvcic,  one  of  th<^r  moHt  »uocf»t$ful  cbtiinical 
verers,  largely  enipli>ye<l  it,  and  made  nearly  tlte  witole 
his  numerous  dtKcovories  by  its  means.  When  tnvcstigatiiig 
the  pr(>]HTtie;'  of  binck    oxide  of  manganese,  'Scheclt^H 
method  of  proceeding  was   to  try  tlio  effect  of   all  tliH 
different  reagents  on  it.     It  dlc^lved  in  aulphimHw  and 
nitrous  acidH,  and  Ihe  solution  was  colourless.     Dilute  «ul^ 
phuric  acid  diil  tiot  act  upon  it^  nor  nitric  acid ;  but  coifl| 
oeulrat^'d  sulphiine  lu-id  diMtolved  it  by  the  aanistance  of 
heat.'     *  Jiliu-iatic  acid  effervesced  with  it,  when  assisted 
by  heat,  nnd  the  elastic  fluid  that  pmiwed  off  had  a  yd' 
Iflwiith  colour,  and  the  smell  of  aqua^regia.     He  coll 
quantities  of  this  elastic  fluid  (cA/oriiM)  in  bladders, 
dctfrmiued  some  of  its  most   remarkable  properties; 
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destroyed  ctilcMirs,  and  tinged  the  hladder  yellow  its  nitric 
acid  does.'  *  Sclii^elc'ti  niodu  of  colloctiiif;  chlorine  gae  in 
a  Madder  did  not  tai&lile  him  to  det«rmine  H»  vlmrActvrs 
with  no  raucli  precision  as  was  afterwards  done.  Bnt  hia 
accuracy  wot  to  great  tlmt  everything  wbicli  be  stated 
rctpvcting  it  waa  correct  so  &r  aa  it  went.* '  It  wm  by 
examining  the  action  of  hydrogen  and  oxygen  upon  each 
other,  uudi;r  difTerent  circuraalanct^,  that  llir  formation 
of  water  by  aynthesis  was  first  discovered.*  Smitliaon 
Tennant  was  the  first  Ui  demonstrate^,  in  the  year  ITSl, 
tho  existence  of  a  phosipbide  of  calcium,  by  heating  to- 
gether lime  and  phosphorus.' 

The  dixeovery  of  hydrogen  acida  wa*  similarly  effected. 
After  the  time  of  Lavoisier,  it  waa  found  that  his  general 
statement  or  theory,  that  uU  acids  contain  oxygen,  was 
not  correct.  Ily  means  of  an  experiment,  made  before 
sereral  eminent  scieiitiric  men  iu  Kdinburgh,  I)avy,  in  the 
year  1812,  showed  that  when  dry  ammonia  waK  allowed  to 
unitv  with  dry  '  miiriutie  acid '  gas.  little  or  no  water  waa 
produced,  iiud  theR^fore  no  oxygen  was  presmt. 

A.  B^  examinimff  the  injln^nce  of  time  upon  pkO' 
nonuna. — Time  and  apace  are  the  most  fundamental 
conditions  <)f  all  things.  The  influence  of  lime  upon  phe- 
nomena ia  often  neglected ;  and  our  knowledge  of  the 
effect  of  this  condition  is  the  most  imperfect  of  all, 
largely  because  of  the  very  liiniti-d  duration  of  human 
life.  Ky  subjecting  nubetancea  to  iong-continiied  pro- 
oeeses,  a  multitede  of  new  trtiths  would  probably  be  found 
of  which  we  are  at  present  quite  unaware.  The  forma- 
tion of  crystals,  gems,  precioua  stonee,  diamonds,  &o^  in 
the  earth  is  probably  due  to  actions  continued  over  long 
periods  of  time.     The  discoveries  by  Andrew  Orosae,  of 
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tli«  ariJ(ici«]  rormation  of  mJneraU,  were  mivle  by 
method  ;  l>e  pasN<l  fi-fblt  clfctric  currents,  during  rp 
motiiha,   through    water    an<]    other    liiiuidi   coiitainini 
fnginontii  of  various  stones,  atul  by  that  meaiu  furtaed  ■ 
niimtier  of  (liflTi'rent  crr8t«)lin<!  inineml«  by  eleciric  ac- 
tion.'    Thi*  discovery  of  the  partial  conversion  of  «r« 
into  coal  by  cxixKure  to  hrnt  and  prvsrarc  during  save 
years  in  a  steam  boiler,  bi^^lunics  to  thid  mnlbod  of  i 
The  experiments  also  of  8ir  ^^''iUiam  Thomiion,  of  placiil 
small  ^uantiticj  of  bhie  vitriol  and  other  coloured  aotubk^ 
tmlmtitnceii  in  the  Ijotlom  of  very  tall  vertJcal  ghvuf,  tat 
filled  with  water   and   hermetically   sealed,  in   unler 
ascertain  the  amount*  of  ditfiuion,  &c,,  and  other  eSeet 
after  a  grciit:  l^njj^h  of  time,  arc  hcuted  npon  thin  plan, 
is  ealeiilated  that  several  hundreds  of  yean  will  he  r«? 
quired  to  complete  the  diffiiwve  pmec*«.     A  whole  mul- 
titude of  experimentfl  of  a  •limilar  kind  mtgbl  ha  easily 
«iugg««ted,  and  the  frreatest  difficulty  in  this,  aa  well  u  ia 
all  other  method*  of  research,  Ue*  not  in  tin-  iii^><;i>etiou  of 
new  idea.*,  hut  in  llie  large  amoimts  of  time,  labour,  and 
ejtpt-nKi*  necessary  for  tcetiojr  them ;  we  require,  in  fact, 
more  just  rewarti  for  the  litlxtiir  of  original  renearcli,  and 
the  expiTitiKfiits  would  be  made.  ^M 

It  was  hy  employing  widely  different  siibstancai  1^^ 
form  the  bob  of  a  |>endulum,  and  allowing  the  Iatt«r  to 
vilirato  a  sutbcient  period  of  timet,  that  Besset  dincovered 
that  the  atlraction  of  the  earlli  bad  no  Rpccific  relation  to 
different  kindti  of  matter,  but  acted  upon  all  of  Ihem 
pqTially.  The  discovery  of  silver  in  the  waler  »if  tii« 
Pacific  Ocean  wat>  n  result  of  chemical  analysis  of  the 
mcul  ith'-athing  of  a  ship  which  had  been  wiling  during 
several  years  in  thoec  wat<^rs,  near  the  coast  of  8out 
America  :  during  the  long-oontinued  coutacl  of  the  mttu 
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with  the  water,  the  former  had  extracted  from  the  latter  an 
cxtrcmfly  ininutv  prfjjwrtion  of  (ilver  which  i(  oontainvd. 

Thin  method  is  often  extremely  valuable  in  enabling 
us  to  discover  minute  residuitry  phenomeiia ;  und  thoR'  urc 
oftvu  th«  rooHt  iiiipurtatit.  The  moHt  influential  ph<:iH> 
mena  are  not  the  most  violent,  but  those  which  operate  in 
Ihc  moat  univnrsnl  und  constant  miinner.  Some  of  the 
great#§t  truths  respecting  geological  and  aiitronomicfd 
phimomena — (he  age  of  the  Earth,  the  gmdiial  diffusion 
and  dissipation  of  energy,  the  stability  of  the  solar  sys- 
tem, &c. — can  only  be  ascertained  by  comparison  of  data 
obtained  at  periods  the  widest  poBsthle  of  intervals  airimd«r. 
The  influence  of  time  is  seen  on  the  grandest  scale  in 
the  phenomena  of  astronomy  and  geolofjy;  here  the  expc- 
timonts  are  m:ule  for  us,  and  continued  not  merely  for  a 
fpw  years,  hut  during  hundreds,  thou^inds,  and  even  mil- 
lions of  years. 

i.  By  mveMijfatiny  ihe  effects  of  extreme  degrees  of 
force  on  fnihatances. — By  subjecting  water  and  other 
liquid:)  to  groat  pruMsure,  Colladon,  Si  unn,  Ocrxt«d,  and 
Regnanit  discovered  that  liquids  in  general  are  slightly 
compressible:  that  wattT  is  thirteen  and  a  half  times 
as  comprestiiblc  a.4  mercury ;  also  that  liquidti  are  per- 
fectly elastic.  By  subjecting  various  gases  to  powerful 
pressure  and  extreme  cold,  Davy,  Faraday,  Natterer, 
Thilorier,  and  others,  proved  that  vapours  and  gatw 
irere  the  product*  of  the  influence  of  tomptirature  upon 
T«ry  Tolatilr  liquids  and  solids.  In  the  year  1835,  Tbilo- 
rier  solidified  carbonic  anhydride  by  the  intense  cold  of  itd 
own  evaporation.  By  employing  great  pressure,  and  an 
elevated  temperature,  Cagnaird  de  la  Tour  made  several 
remarkable  discoveries  respecting  liquids  and  vapours, 
and  Andrews  Biil>»ei|uently  discovered  the  continuity  of 
tbe  liqiud,  vaporoQs,  and  gB^eoas  slate&.    %'j  «To,\ha-5\^% 
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unonuoiis  presauree,  Iloplduis  Buhsod,  Sir  W.  Thonuoi 
Sorby,  Mouwon,  uitl  ollierii  made  a  iiuiuWr  of  diKorvria 
of  tho  ctTecU  »f  LhiMM  |)retai»c#  upon  tbe  luelUii^ 
Ireexing-poiute  and  solubilities  of  bodies.  It  waA  by  Buk 
jectiuf;  gascti  to  cnorinwitt  prrssurv  and  intenM  cold  ibi 
Caillet«t  liquefii'd  nitroua  oxide,  aiid  Piot«C  coDvt 
oxygvn  and  cvi-n  liydro;;<m  into  Ii(|uid8.  It  was  by  8uV 
jecUog  all  kindii  of  Etubataooe*  to  vxtreRwly  powcrfokH 
ma^etum,  tliat  Faraday  <naa  enabled  to  discover  mantel 
ucvr  trutliM.  A  very  great  iiumbur  of  now  expi'riniraU 
retoain  to  be  made  on  the  floluliility  of  lolids  in  liquid* 
uod  tlitf  rk-clrolysiB  of  liquidi*  whilst  Biibjected  to  enonnotii 
prea.-<ur«  and  t-old  ;  also  on  tlio  vl<^ctroIyMiri  of  aubtilauoM 
ID  a  fused  etate  at  very  high  temperatures. 

j.  Ky  cmpUtyvieid  of  mttrumei^  of  vojy  grtai  power. 
This  nie'hod  is  closely  allied  to,  and  may  be  c'onind«-n*(I  a^ 
included  in,  the  one  just  described.  By  the  empioyroent 
uf  very  powerful  prcMHi.-^,  HopkioK,  MouHou,  luul  othcn 
made  various  discoveries  respecting  the  effecta  uf  euormoui 
pressure  on  the  moUiug-pointo  of  eolids  and  the  aotidify- 
iu^  points  of  liijuidit.  By  mean.*  of  very  lan^  eoliur  luosui^ 
and  alf<o  by  uslag  very  powerful  furnaces  and  bluw-pi|: 
eoino  of  tho  moit  refractory  Kubatunces  liave  been  melt 
It  was  by  the  ust>  of  very  large  and  powerful  t«leaeopM  < 
Sir  J.  and  Sir  W.  HerBcbel  and  T^rd  Rose  were  enaUed  to 
mako  many  of  thvir  ajiitronomical  discoveriea,  adcI  fi)und 
that  uebuloe  really  existed,  whilst  some  other  oeleotial  ap- 
p(arancc#,  which  were  prvviuu«lycouHidervd  to  bu  nebula^ 
were  foimd  to  be  stars.  *  By  means  of  the  Karl  of  RoMvIl 
telc-jcopc,  the  quantity  of  lif^ht  that  enters  the  human  eye 
friiii)  any  part  of  the  heavens,  is  increased  something  liji 
fifty  thousand  times,' '    It  was  by  eroplojrinft  a  volt 
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Itttteiy  composed  of  very  large  plait's,  that  Trommwlorff,  in 
the  year  IttOS,  iliscovL-rcd  ttiv  voltaic  combu^ition  of  thiD 
[eavftt  of  metal.  Mr.  t."Ijil(li*n  also,  by  tlie  aid  of  sucli  an 
iDHtniiupnt,  in  tlic  year  1809,  was  enabled  to  melt  the 
iniwt.  n-hacUiry  substanct-w,  iiicitidiiig  phitiniim,  osmi- 
iridium,  the  oxides  of  uranium,  molybdenum,  tiingstt-n, 
ccriuin,  lilAitium,  and  tantnlum.  By  inrans  of  tb«  cur- 
rent from  a  powerful  voltaic  lattery,  Davy,  in  tlic  year 
1806,  fiM  isolated  the  ntkali  metats,  and  tndy  diaoovcred 
them.  By  similar  meaiiis  in  th«  vftar  1813,  h«  disoovered 
tlie  '  voltaic  arc,'  or  convective  discharge  of  voltaic  olec- 
tricity,  and  mvltod  magiieiiia,  lime,  sapphire,  and  various 
other  extremely  infusible  siihatances.  By  trying  tht;  effect 
of  a  powerful  m<ignet  npou  tJiut  difichargc,  he  also,  in  the 
year  1820,  discovtired  the  magnetic  character  and  rotation 
of  the  voltaic  arc, 

Id  the  year  1836,  Crosse,  by  employing  a  great  numlisr 
of  cells  of  a  val^r  battery,  wa»  enablt^d  to  ai  t.ificially  pro- 
duce a  number  of  different  mineralii!.  Gaseiot  also,  in 
moro  recent  timt^s,  by  using  xlmiLir  but  more  powerful 
means,  discovered  that  the  electric  discharge  of  the  bat- 
tery would  pass  through  atmospheric  air  previous  to  mak- 
ing anyconlactof  the  poles  of  the  battery.  W.  De  la  Rue 
also,  by  employing  a  highly  insulated  series  of  10,000cellti, 
each  cell  twing  cumposM  of  zinc  and  chloride  of  silver 
excited  by  a  solution  of  salammoniac,  haa  discovered  quite 
recently  some  of  the  laws,  and  a  number  of  additional 
phcnoiueiia,  r<-latiiig  to  that  discharge. 

The  discovery  of  elect ro-mugnctiem  by  Oersted,  in  the 
year  1819,  enabled  very  powcrfid   magnots  U>  Iw  made, 
and  thus  paved  the  way  for  discoveries  to  be  evolved  bjr 
their  aid.     It  was  by  the  employment  of  Huch  magnets  ] 
that  Faraday  was  euablt-d  to  discover  diamagnetisim,  the  1 
universality    of   magnetism,   and    the    ma:gaeV\c    vAjut] 
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polarUstUoD  of  liglit.  Pliicker  aUo,  of  Bonn,  in  the 
1847.  by  iiM^ns  of  a  powerful  magnet,  dificAvered  varioi 
eSeda  of  magnetism  on  crystals ;  that  their  azes  taod  to 
asiumc  (Ivtinitc  po«ition«  with  regani  to  a  ma^H ;  a 
oiyetal  with  a  single  asU  placing  itself  trans%'eTBely  to  tlie 
magnetism,  as  if  rcptOlctl ;  and  one  with  two  axes  be> 
having  as  if  both  axea  were  repellty! ;  also  that  tbtn  effect 
was  independent  of  the  para-  or  dia-magnctic  charact^  of 
th«  crj-MtalK ;  and  that  it  wa«  simply  a  liirtotive  and  oot  a 
repiilaive  eftect. 

Many  invMtigators  in  eucoetaion,  by  gradually  im- 
proving the  electro-dyiiamic  indnotion  coil  during  tiie 
last  twenty  years,  have  so  increased  its  power  that  electfie 
diecharKea  in  the  cool  atmosphere  have  been  obtained,  of 
mori!  than  forty  inclKW  in  length ;  and  intieh  additional 
knowledge  baa  thus  been  obtained  respecting  the  nature 
and  effects  of  electric  diacbaige.  By  meanv  of  gn«l 
improvcrnvntji  in  the  power  of  magnofo-elcctric  maebiii 
inn^.igatora  have  been  enabled  to  more  compLetei 
examine  and  diitcover  new  truths  respecting  the  el 
light,  the  ck'ctric  fnwon  of  inetalx,  &c.  In  microMop; 
spectrum  analysL^,  and  other  subjects,  a  whole  multitude 
of  discoveries  have  bceu  made  I>y  meonc  of  powerful  ap- 
jtaratiiB,  which  coutd  not  have  been  effected  without  auck 
assistance  ;  and  in  every  department,  of  science,  every  tn- 
oreA.<<e  of  power  of  the  apparatus  has  l)een  tfuickly  fuUown) 
by  new  discoveries  and  an  increase  of  knowledge,  and  the 
foregoing  are  only  a  few  in«tanoc«  twlcctod  out  of  the 
great  multitude  of  new  truths  which  have  been  diioovered 
by  the  aid  of  this  method. 
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CHAPTER  LVr. 

btSUOTERT    BT    UEiUS    OF     AnDITlONAI^    NBW,    OR     lumoVKD 
omiBRTATIONS. 

This  also  is  a  most  varied  and  eitensive  method,  1jec.iu»e 
is  ui-arly  cvt-iy  di-piirtnicDt  of  Rcience  a  great  many  addi- 
tional bbservatioDs  alwaja  i-etoaia  to  l)o  mndv.  All  our 
tabltrs  of  thr  const4itits  of  Nature  are  more  or  less  incom- 
plete; *oinc  nrceicotfdiiigij'  i<o,  othtrshavc  not  been  com- 
menced. Some  observations,  such  a»  tbo«e  of  the  threu 
ttrrcstriiil  magnetic  elcmt-nts,  reqmre  to  be  made  and 
oontiniK-d,  miiiiitf  by  miniilf,  day  by  day,  year  l>y  year, 
through  long  periods  of  time.  The  speciiic  gravities  at 
ordiDJuy  tt-mpt-rattirps  of  n  large  number  of  bo<lieg  have 
not  yet  bet^n  di-ltrinined,  and  j-iHI  Ivw  of  thnav  and  other 
bodies  at  all  tempcratoree,  and  imder  all  pressures.  Simi- 
lar rfinarkii  may  bt?  made  of  the  mtdting  points  of  ttolidt) 
and  the  boiling  and  congealing  jKiint.t  of  liiiuid^  under  all 
degrees  of  increased  and  decreased  presaure.  The  specific 
hcHtK  also  of  u  great  number  of  bodies  bavc  not  yet  Iwcn 
as<,'ertainwl,  and  still  lesn  have  they  been  detcnnincd 
under  ov<M7  possible  variation  of  pressure  and  tempemture. 
Precisely  similar  rcmnrks  may  Iw  made  respecting  the 
incompleteness  of  our  tables  of  the  expansions  of  solicU, 
liquids,  and  gases  by  lieitt,  wbiUt  imdcr  different  pnoisurcs ; 
of  tallies  of  thermic  conducting  i)o«er  and  electric  resist- 
ance ut  jill  temperatures  ;  also  those  of  transparency  to 
riiys  of  light  and  heat,  chemical  rays,  and  electric  and 
magnetic  induction.  I  need  not  enumerate  more, 
although  a  great  many  remain  unmentioned. 

This  method,  like  tlie  previou-t  ones,  may  be  divided 
into  eevenl  mart  special  ones,  such  as,  V15  m&Vxiig  asV-iWw&A 
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nr  n<!w  oWrvations  witli  Uie  aid  of  knawn  inBtnioieDU< 
methixjB,  by  employing;  now  or  improved  JnstnmiBaU 
m'Hlt's  "f  oVwi-rvation,  by  means  of  more  intelUgent  t 
acuta  obserration.  Ac.  &c. 

Ao  immcDxe  ntim1i«r  of  (li.'icoverlea  in  geogntpliy, 
meteorology,  atmos|jhr>ric  phenomena,  tbe  ttdee,  hotiiiiy, 
Diitural  biHtorj,  gcolofri,',  cliniittolo^y,  mincnil<^,  phjeica, 
and  other  subjoctA,  have  been  made  in  oonaeqiieDce  of  tbe 
facilities  of  observation  affordetl  Hy  nuvigntion  nnd  tiarel: 
ami  the  rulwi  to  be  foUowi'd  in  onier  tn  be  able  to  lake 
the  greatest  advaota^  of  mch  circumstances  are  fiiUy 
di>3cribed  in  n.Tscbcl'*  'Admiralty  Ikloniuil  of  Seicntifif 
Inijniry.'  Observations  made  during  foreign  travel  hxre 
enrichc<I  mankind  with  a  knowledtfe  of  a  great  oambef 
of  useful  fodd*,  friiitd,  mim-raU,  ami  oth«r  Hu>)»tuDce«.  Aa 
even  an  enumeration  merely  of  these  substances  wmdd  too 
largely  extend  the  mIw  of  thix  book,  I  shall  only  refer 
tj>  the  discovery  of  caoutchouc :  — > '  Indiariibber  ap 
under  tbe  name  of  caoutchouc,  to  have  been  known 
Knrope  only  aa  a  very  rare  curiosity  about  the  be-^nnii 
of  the  eighteenth  cent-.iry.  Nothing  iras  known  of  its 
production,  <-xc<-pt  that  it  vox  obtained  from  a  tre« 
America,  till  the  French  Academicians  went  to 
America  (Quito)  to  measure  a  degree  of  meridian, 
de  la  Condamine,  who  was  one  of  the  party,  nent 
account  of  il«  Kource  to  the  Frvnch  Academy  in  the  rear 
173(i,  Won  Pedro  Maldonudo,  who  wax  another  mcmbCT 
of  the  expedition,  found  the  same  vari^^  of  tndiarubbcf 
tree  on  the  banks  of  the  Amazon.  M.  Fresnau  discovered 
an  india-rubl>er-jiclding  tree  at  Cayenne,  and  forwardi 
an  account  of  it  tn  the  French  Academy  in  1*5 
Although  our  neighboars  were  ao  busy  with  this  mb- 
stance,  tbe  first  pnhlidhed  notice  of  it  in  this  country  diil 
not  ta1t«  pUcft  \ii\  V\\«  -jitM  Yllft^-wWaWs.  Vtiestley  in  a 
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not«  to  tho  preface  of  his  '  TreaMse  od  the  Theory  and 
Practice  of  Pcrepcctivc'  says: — '  Siiiw  thi*  work  was 
priulvd  olV  I  hav«  seen  a  stihatanoe  excellenUy  adapted  to 
the  purpose  of  wipinf;  from  paper  the  marb^  of  a  bhwk- 
lend  pc-uvil.  It  iduaI  tlici-efori;  Ixr  of  singuliir  ii»c  to  those 
vlio  practi^  drawing.  It  is  sold  by  Mr.  Nainit-,  inatlie- 
loaticul  instrument  niukvr  to  the  Itoysl  Exchange.  He 
bkIU  It  cubical  piece  of  half  an  inch  for  three  nhilUnga. 
He  *ays  it  will  last  for  years." ' 

(I.  By  itddUlotiat  w  new  o(i»eration«  with  kn'fWH 
inntrumeitia  or  by  known  metltode. — Neaxly  all  a»lro« 
nomical  discowrir^  buvc  been  nindu  by  this  plan.  By 
lliii  employment  of  the  methods  of  observation  tlien  in  itse, 
tJie  astronomer  llippttrciitis,  150  yean  before  Christ,  dis- 
covert.^ the  preee&iian  of  tlte  equinoxes.  Ky  observation  it 
wu  diseovered  that '  some  stars  arc  diirker  ou  one  aide  than 
upon  the  otlier;  Mim  Ceti,  fur  exauiple,i»  invisible  to  the 
naked  «je  dining  five  months  out  of  eleven/*  Hy  means  of 
ordinary  observations  and  calculations,  I'rofessor  Newton, 
of  Americii,  not  very  lon^  a<^  eoueludt-d  that  7^  millions 
of  meteors,  visible  to  the  unassisted  eye,  pass  Dirough  tha 
atmosphere  of  th«  earth  every  li-l  hours,  '  Mersecne  and 
others  bad  uolieed  (lOSti),  tliitt  when  a  xtrifig  vibruU-^ 
one  which  is  in  unison  with  it  vibrates  witliout  being 
touched ;  and  tliut  this  wjix  uw  if  the  second  string  was 
an  OTla^e  or  a  twelftli  below  the  firnt.'  * 

It  was  by  observation  that  Grimaldi,  in  1665,  dis- 
covered the  phenomenon  of  diOVaction  or  inttexinn  of 
light.  Krasmuif  Harloliuiu,  a  pbysicau  of  Copenhagen, 
observed  whilst  making  experiments  with  crystals  of  Ice- 
land Kpar,  that  an  inkspot  appeared  double  when  viewed 

'  TAe  Teltgraj'hk  Jmiriwl,  vol,  v.  ji.  133. 
■  Whcucll,  I'lumiils  >•/  Worldt,  ]>.  irif). 
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through  siich  a  crystal.  lo  tJic  year  1669  In-  puliljiibed  t 
book  containing  an  account  of  his  obeervatiauB  on  ihf 
Riibjt'ct,  etatiTi);  also  that  bv  hud  uoticM  that  ODA  of  tlie 
two  imiigce  wius  produciid  by  tlu-  ordinary  mode  of  refrac- 
tion, and  tbe  other  by  an  extraordinary  or  new  nile,  and 
varied  in  different  position?!.  Utiyghcna  aUo  discuv 
by  in«aa»  of  olwiTviition,  tbe  fact  of  polarisation  of  Ug 
'^  crystals.  The  discovery  of  polarisation  of  light 
rcficctioti,  vat  first  observed  by  Kfaltu,  and  soon  lc>l  li 
meann  of  additional  obiter\'«tionii  to  that  of  polari.'uu.i 
by  refraction,  tbe  plane  of  polarisation  being  pcrpcitdicuUr 
to  tbatof  n-flcction.  Ilcal«»  foimd  ihttt  when  a  portion  of 
a  beam  of  light  wa.s  polarised  by  rt^flectioo,  acorrenpoDdio; 
portion  was  polarised  by  transtaigsion  and  refraction, 
pla»c<»  of  tile  two  polari«ut  jonx  Wing  at,  right  angles  to 
other ;  and  that  (be  polarisation,  either  by  refl«ctioD 
refraction,  which  nas  only  small  in  amount  when  a  single 
glass  plate  was  employed,  might  be  made  more  and  moi 
complete  by  incn^naing  tbe  number  of  platen.  It  was 
means  of  olnori'ation  that  John  Fabricius  discovered  t 
solar  spots,  and  by  regular  and  systematic  obeer^-ationa 
those  spot*,  (luring  a  period,  first  of  12  {and  uUimalelsr 
of  34)  years,  that  Schwabe  of  Deeaau,  discorered  a  regiUar 
di^crvnw  of  tlicir  number  during  5^  yearv,  and  thea  an 
increase  during  another  5^  years.  I>e  Luc,  in  tlie  y«ar 
1755,  observed  that  ice,  during  the  act  of  melting,  did 
not  rise  in  temperature  above  the  freeisiag-jxnnt  until  it 
was  entirely  melted ;  and  Dr.  Black  confirmed  tiiat  obwr- 
vation.  By  means  of  ubsurvatious  made  in  balloons,  the 
fact  was  discovered,  that  the  temperature  of  the  mmo 
sphi>re  docreoses  regularly  up  to  a  certain  point  (.1,(X)0  to 
Gf.'SOO  feet  high)  during  a^ent,  and  varied  on  different 
days:  the  decrease  was  then  stationary  for  two  or  tlin* 
fbotl9ftTtd  feet,  KQt^  V\u«  *«%>.  VW  i«i^<ra.  <^  <£UwuU ; 
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abom  this  the  decrease  afj^ain  eontinued  at  the  Bame  rftt« 
w  iKrforu.  U  v/mt  by  oUstrr^mg  u  fuiui?,  on  «crntching  * 
piece  of  electro-deposited  antimony,  that  I  vas  led  to 
riigoover  the  singuliir  beating  property  of  that  stibelance. 

Otlo  Giuiricke  wiut  the  fint  to  diKCOvcr  by  oWrvatioit 
that  electrified  sulphur  firrt  attracted  and  then  repelled 
a  fcsthcr,  and  tliut  «ub8t.an<:es  clinrf^y)  with  the  name  kind 
of  electricity  repel  each  other,  nisii  thut.  light  Imdies 
within  the  sphere  of  electrical  influence  become  electri- 
cally excited.  Sparks  were  first  rt-conlcd  by  Wall  fn  the 
year  1708,  as  having  been  observed  wbiUt  rubbing  amber. 
Dr.  Mites,  in  the  year  1745,  first  observed  the  pencil  of 
luminouK  rayH  which  isgiie  from  an  dcctrified  point.  In 
the  same  year.  Dr.  Watson  diBcovered  by  observation,  that 
OD  electrifying  large  bo<lie8  by  induction,  the  parts  of 
them  which  are  raoet  dUtant  from  the  electrically  excited 
body  had  electricity  developed  in  them.  Ihi  Kay  and  the 
Abb^  Nollet,  lir»t  observed  that  kparks  might  bo  dcuwu 
from  the  living  human  body;  and  the  latter  said:— 'I 
shall  never  forgi;t  the  surprim-  which  the  first  eloctric 
spark  ever  drawn  from  the  human  body  excited  both  in 
H.  Du  Fay  nod  myself.'  Tlfis  was  the  origin  of  the 
electric  kiss,  &c.  It  was  by  observation  al^o,  that  (hn 
Abb£  Nollet,  in  17-16,  discovered  that  electricity  increases 
the  rapidity  of  flow  of  liquids  from  minute  oriticeG. 
l-'ranklin  observed,  that  wlien  the  inside  of  a  I^iyden  jar 
was  electrified  positively,  it8  outside  was  electrically 
negative,  and  ttiat  the  electric  shock  wait  produced  by 
the  restoration  of  electrical  equilibrium,  when  the  inner 
Bod  outer  siirfaceR  were  connected  togother.  It  wiw  by 
means  of  observation,  that  Symmer,  in  the  year  1 759, 
discovered  that  the  two  electricities  were  not  independent 
of  each  other,  and  that  the  one  could  not  lie  KOt.  free  with- 
out the  other.     In  1791,  Haiiy  disoo\eie<i  \i^  o\»i£is«.VVni^ 
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the  p}rro>(;le«tric  properties  of  crystals  of  boradte ;  and  W 
that  method,  tdno.  Dr.  \VcUs  in  1795,  diECovered  thai 
charcoal  Is  u  conduvtur  of  t!le<:tricitv. 

Observatiou  coiiBtitut«d  an  important  part  of  GalvaniV 
great  discovorjr,  id  1789,  of  wliat  hr  Urrtni-d  'anitiuJ 
electricity-.*  ]t  i»  Maid  that  be  )iad  prepared  the  legs  of 
swine  froga  for  dleetMitioD,  und  had  huoj;  them  by  copper 
hooks  to  au  irun  balcony ;  and  a»  th«y  swayed  to  and 
fru  by  the  force  of  the  wind,  they  touched  the  iron,  and 
Madame  Galvani  obser^'od  that  when  they  did  so  tbr 
lioitM  ci>nti'U(^tiHl.  Alio  that  his  awiHtaot  happened  lo 
t4>ncb  with  a  knife  the  nen'e  of  a  dead  frog>  just  at  the 
time  that  a  Dei^hboiiriug  elect nu  machiuv  was  producing 
KpartcK,  and  observed  that  the  limb  twitched;  and  ii  i* 
further  stated  ttint  Galvaiii  soon  uftornards  discovered  by 
expfrimunl,  that  contact  of  two  diysiinilaj-  mtttals  with 
tiie  crural  nerve  and  outer  muiicle«  of  the  limb  prvMluced  a 
fimilar  effect.  As  it  wa.«  previously  known  to  Du  Ve 
in  the  year  17i>0,  that  electric  discharges  |)assed  ihroti 
rbe  limbs  of  a  frog,  produced  muscular  coDttBctions, 
tialvani  had  verified  this,  be  concluded  that  there 
'  animal  electiicity '  iu  the  limbs,  which  circulated  wl 
ever  the  ner\e»  and  mii*elw  were  eonnectcd  by  conduc- 
tors. It  was  partly  by  obsenation  that  Crui«kiiLank  in 
llie  year  1800  disco\'(;red  that  n  voltaic  current  changed 
thf  colour  of  litmus  paper.  In  182t>  Nobili,  by  the  aid  of 
1  galvanometer,  observed  that  electric  currents  werti  pro- 
duced by  animal  tissues.  It  was  by  ob»en-ing,  during  the 
electrolysis  of  water,  the  proportion  of  gases  evolved  is 
relation  to  the  »itiength  of  the  current,  that  Karaday  was 
led  to  invent  the  voltameter.  The  discovery  uf  '  hydro- 
electricity'  arose  from  an  observation  made  by  «  tnaa 
atu-oding  a  steam-engine  at  Newcastle,  that  whenever  he 
luuchvd  tlie  \Ai\cT  \\«  Kt^uvici.  va  «V«eV.TV4^^ack.    Id  164& 
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w.  Siemens  was  the  6rst  to  discover  by  fth»pr\iitioij  the 
electric-  cliargp  iu  iiudrrgruuiid  telegraph  «ires,  uud  during 
the  same  year,  Baurugartner  firift  obacrvcd  the  «xiileDo<3 
«f  earth-ciuTcnts  iu  telrgraph  nirea.  It  was  partly  by 
obaervation,  Ihiil  Lutiitior  Clark,  in  I85a,  disfover*'d  th« 
TfturdatioD  of  electric  aignaU  in  ftibmariDt-  cahli^. 

Much  of  our  knowk-dse  of  the  science  of  magnetism 
was  liirgely  acquired  by  the  umploymeut  of  the  Matofl 
method.  Tbe  Homeric  poems  mention  the  attractive 
[lowt-r  of  the  loadHtonc,  and  the  Greeks,  1  ,(KX>  years  hcfons 
Christ,  are  said  to  havtt  obtnint-d  the  fiouv-  from  Alaj-iitisia, 
in  LydiK.'  Fhivio  Giova,  aWut  tlie  year  1320,  itAB  had 
Ihf  credit  given  blm  of  havinf;  been  led  to  iuvcDt  the 
mariner'scompaBs,  in  oonaequence  of  observing  that  a  freely 
^uipended  magnetised  needle  points  north  and  south ;  he 
ffiMtctif  d  the  lu-i'dh-  to  a  pSocc  of  cork,  and  floated  the  latter 
upon  water;  but  Guiot  do  Provence,  about  tbe  year  1204), 
ill  a  pocm  written  by  )iim»elf,  Etstas  that  prior  to  that 
time,  marini-rs  uNed  a  •touched'  needle  for  a  oompaas, 
and  the  Chinese  are  §aid  to  have  employed  a  similar 
iuxtrument  1,040  years  and  even  2,600  years  before  Christ.* 
It  was  by  reHoTting  to  obNeivation  ibal  ColumbuR,  in 
I4it'2,  discovered  the  variation  of  the  compass.  The 
Chinese,  howevHr,  appear  to  liavc  prwiously  known  of  the 
existence  of  this  phenomenon;  for  in  a  ('hiueae  book  on 
'  Natural  History '  &c.,  published  about  the  ycai'  1  i  1 1  it  is 
!i)tated  : — '  WTien  a  iteel  point  is  rubbed  with  (he  magnet 
it  acquirer  the  property  of  pointing  to  tbe  eoiitk;  yet  it 
d(^cIinvs  always  to  the  east,  and  is  not  due  south.  If  the 
needle  be  paaaed  through  a  wiok  (made  of  a  rush)  and 
placed  on  water,  it  will  alw  indicate  the  south,  but  with  a 


'  8e«  Bn^i/clojiaiiia  MrtrvpoUtaiui,  vol.  Hi.  wt,  ■  Mtt^-neliHn.'p.  ".Ifl. 
'  ibid.  p.  '36 ;  iil«o  Sir  W,  Soow  Ilaxrii'*  ilfurfimiinlarii  MogHd^nn, 
jwta  1.  wiJ  Jj.  ;>/!.  i,  3,  and  A ;  ulio  Davis,  flit  CltineKfW.YVIiT.^. 
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continual  iiiolinatlon  towards  Uie point,  pinff, or  {  aouth.' 
It  was  by  ohservation  that  Itobert  Norman  ducovered,  i 
1S76,  the  dip  of  u  ma^^ct.  Julius  Otusor,  a  tatgeao  at 
Kimtni,  obtwi-ved  iti  Llir  year  1 591>,  that  iron  w&s  eooveiU-d 
into  a  ms^et  by  position  alone.  Profi»sor  GunUiT,  of 
Gn^liani  C»llcgi-,  wuit  the  fintt  to  olwervi-,  io  tlie  year 
lf!22,  tlie  change  of  declination  of  a  magnet  in  the  taiDe^ 
plictf.  GavKendi  also,  by  means  of  obBervalion,  discove 
about  the  yoar  ICiM),  tLat  an  iron  bar  which  had  loo{:3 
rcmuined  in  one  position,  and  had  been  Htriick  by  light-' 
ning,  bad  becomo  a  magnvi.  In  the  y«ur  l633,G«llibrand 
discovered  by  obaervatiou  that  the  amount  of  variation  of 
tlic  magnetic  ncedk  at  London  •«ua  not  couitant.  ProfeeMr 
Wargentin  observed,  in  thu  year  1 750,  that  th«  northeni 
aurora  affectod  the  magnelio  needle.  In  1778,  Brugmaiu 
dixcoverc^  by  experiment  and  observation,  that  l>i«muth 
and  ant  imony  verrt  each  repelled  by  the  poles  of  a  magoeU 
About  the  year  1 805,  Komagnesi  observed  that  a  niagne 
iMd  noadle  exporiunceE  a  declination  when  itubmititMi  It 
the  action  of  a  voltaic  current,*  In  1B06,  Humboldt, : 
iierlin,  obeened  and  discovered  the  exist«n«o  of  magoetil 
fltoriiiit.  Arago  wiw  the  first  to  ob»CTvi;  and  discover,  il 
18'ii,  the  retarding  iofluence  of  subiitanoeft,  metals  )l 
particular,  upon  the  movememts  of  an  adjacent  niHgnetiiJ 
needle.  By  nieaiiK  of  ob«cn*ation,  comparison,  and  infer 
enee,  Sabioe,  in  18AI,  discovered  (hat  the  sun  is  a  gnat 
magnet,  and  magnetise  our  earth,  beeaiEte  the  terrestnal 
magnetic  force  hii-«  periods  respectively  of  24  hours,  3tiS 
flays,  and  10  solar  yeor^.' 

'  8*0  Sir  W.  Snow  IIattIii.  ^urflwim/^rj  JtafiutUm,  jMrt  iii.  ;t.n';^ 
I)»v!j<,  7ft*  Chiiete.  pp.  ST".  37S  ;  ntiici  Mm.  Somcrrilb,  Ormiumitn  ^t 
Pbfiiiol  Sairnfa,  fud  edit.  p.  :I3I. 

'  Sou  JfaHuel  Ju  OBlraHUttr,  pMt  Joaepfa  turn.  Pwi*,  1806,  p.  iHl 
nim  Jmiriuit  of  the  Sonet  t  of  Artt^  k^i)  S3.  lgSS,|i.3SS. 

»  See  £Neyclop<M<U  UnU«>ri*a.»4i'iA\V.,»iv,--**«a>»«»,' vW 


disootbhv  nr  ufAHi  or  kew  ouskatatiox^ 

It  «riu  bj  obeervin;;  tlie  action  of  cubstanccs  upon 
each  other,  will)  uod  without  Dm  npftlication  of  beat,  thai 
tosBy  of  the  ordinary  tests  in  chemical  analyeis  were  dis- 
Crtv«T<t).  Alany  of  tbt-  diKC«v<-ri«B  also  in  gcolojjy,  inincml- 
og^,  anatomy,  the  action  of  medicines,  &c.,  have  resitltt^d 
from  the  ordinary  use  of  the  observinj^  faculty.  Gaspard 
AsoIUdh,  I'rofinwir  itf  Anatomy  sit  Pavia,  diicoverwi,  tiv 
observation,  in  1622,  the  lacteal  vessels,  which con%'ey  food 
to  the  blood;  and  Juan  Pucqiict,  in  1647,  by  fiirtlipr 
ofaaerration  di»corered  that  thoHt>  vesH^b  poitr  the  nutri- 
ment into  the  thoracic  duct.  In  the  early  part  of  the  seven- 
temth  century  «l»^  and  whilst  the  oelebniti-d  anatomist 
Harvey  was  hispupil,  I'rofi-ssorFabriciusAqimpendente,  of 
Padua,  disfovorcd  by  ribst-rvation,  that  many  of  our  veins 
contain  valves,  which  lie  open  as  long  as  the  blood  ia 
fiowiti^r  towBids  the  heart ;  and  it  was  a  knowledge  of  tbis 
fact  which  lt>d  Harvey  towards  his  great  dincovery  of  the 
circulation  of  the  blood.  It  was  largely  by  means  of 
observations  of  different  kinds  taken  during  hi»  vxiciuive 
travels,  that  Humboldt  made  his  numerous  discoveries  in 
tATTeHtrial  phytics  and  natural  history,  tho  tj&cing  of 
isothermal  lines  (i.e.  those  of  equal  temperature)  over  thi* 
globe;  the  exiatence  of  green  plants  living  in  perfect 
darkness  in  the  mines  at  Freybcrg,  &c.  &c.  William 
Sooresliy, about  the  year  ISlfi,  di.si'ovtTcd  by  stalling  tA>th« 
80th  parallel  of  latitude,  that  (lie  water  was  free  from 
ioe  over  a  space  of  18,000  squuro  miloe.  Agrissiz  sl«o,  by 
means  largely  of  observation,  became  a  great  diftcDvttrnr  of 
glacier  phenomena,  and  found  what  were  the  chief  signs, 
such  as  erratic  blnokti  of  stone,  glacial  drifts  scmtchings, 
and  moraines,  by  means  of  which  the  previous  existence  nf 
ancient  glaciers  might  be  infcni-d;  and  that  the  northern 
psrta  of  Hnrope  and  America  were  at  one  time  covered  with 
fields  of  icp.  It  mu  bv  observation  tbat  Brc^slcr  6,\'Wft')<ntA. 


srECUL  uxrnoui^  of  discuveby. 


cm. 
rw  or^M 


Ibe  existence  of  Quids  under  a  state  of  great  pressure  ia 
Btonee,  which  catued  tiie  hiLler  (o  i-xplodc  whilst  heing  cul. 

L.  By  empUiying  new  or  impmcfi  motiea  or  invtru- 
mentu  of  obaervaOvn, — The  method  of  tnaking  discovi 
by  means  of  the  iuvt-ntion  and  t-inploymcnt  of  n  new 
improved  mode  of  observation,  is  a  vktj  varied  and 
tensive   one,  and  has   proved   one  of  the  most  frnitful. 
It  includes  a  number  of  more  special  onet :  for  instanon, 
by  using  a  new  instrument  of  obsetvatioD  ;  by  t^mptojiuf 
a  known  instrument  in  a  tiew  way ;  by  using  instruinenle 
of  increased  power  or  magnitude;  by  employment  of  im- 
proved, more  exact,  or  more  delicate  instruments.     Pro-, 
bably  more  dificoveries  have  been  made  by  means  of  ibi: 
than  by  any  other  equally  special  method,  Lecauae  it  i 
highly  julapl<?d  to  w-vi^ral  of  the  chief  laws  of  discoveij 
A  new  mode  of  observation  agrees  with  one  of  those  laws 
by  enabling  us  to  pererivo  mutter  and  it«  phenomena  in 
a  new  aspect ;  and  as  many  of  the  phenomena  of  bodie* 
are  such  us  cannot  be  perceived  at  all  by  our  unaided  aeatti^ 
(he  employment  of  a  new  or  more  di-licale  apparatus  or. 
mode  of  observing  usually  enables  us  lo  notice  what  wtf' 
could  not  previouHly  detect. 

E^-ery  new  mode  or  instrument  of  ohaervation^  ud 
every  improvement  in  setentihc  apparatus,  is  almost  in- 
variably quickly  fjllowed  by  new  diiicovertc*.  With  eveiy 
addition  to  the  power  of  telescopes,  more  and  mon;  disUm' 
worlds  have  been  di.icovi-red,  and  an  increased  numtiej-  ol 
nuppoied  nebulie  have  been  foimd  to  Ik  <H)mposed 
numerous  points  of  light.  The  u&e  of  microscope* 
inereaffld  magaifytng  jiower  and  definition,  has  alwaya 
been  attended  by  discoveries  of  structure:!  or  markio^ 
still  more  minute ;  that  of  epoctroecopes  of  inc; 
dispen^ive  power  ban  al.-m  1k1  to  tbc  discovery  of  i 
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number  of  Ixinds  in  vurious  spectra.  By  the  use  also  of 
plectromirtiTu  ami  {jaivanoraeters  of  increaat'd  delicacy,  new 
sources  of  free  electricity  and  of  electric  current*  hav* 
frequently  bc»»  revealed. 

!t  was  by  means  of  ailronomical  inHtruments  of  greatly 
incTeatcd  accumcy  that  Tytlio  Bnilio,  in  the  laltvr  part  of 
ItiA  >ixt<reiith  <-entury,  was  enabled  to  make  an  immense 
number  of  new  observations.  Galileo,  in  1611,  by  crm- 
ptoyinj;  a  new  instrument  {tbe  tclwscope)  diBcovt^rt'd  the 
moons  of  Jupiter,  but  iu  consequence  of  the  defective 
powuT  or  insufficient  delicacy  of  tbc  intttrumcDt,  ini.<tootc 
Satum'H  ring*  for  two  hUth;  and  Huyghenn,  in  l(i5d,  by 
employing  more  accurate  lenses,  discovered  the  ring  and 
oni*  of  the  satellites  of  that  planet.  It  wii?  by  meaui' of 
Uie  more  accurate  measurement  and  observation  of  an  arc 
of  the  meridian  in  France,  by  Picard,  in  the  j-ear  1670, 
that  Nowton  wa^  enubb-d  to  vcriiy  the  hyiHithexif  and 
discover  the  law  of  universal  gravitation  in  its  action  with 
*  re|;ard  to  our  moon. 

Savart,  by  adopting  Licht*in berg's  device  of  ittrewing 
powders  upon  plates,  discovered  '  that  the  vibrations  arti- 
tically  produced  in  a  plate  of  Iri-asial  crystjd,  indicated 
the  existence  of  varying  elasticity  in  varying  directions.'' 
Ritt^T,  by  employing  the  novel  plan  of  using  papers  wetted 
with  a  solution  of  nitrate  of  silver,  and  allowing  the  solar 
spectrum  to  fall  upon  it  in  the  dark,  in  the  year  1801, 
dis<wv<-red  ibe  dark  cliemical  rays  in  sijlar  benm«.  Wol- 
iaston's  reflecting  goniometer  also,  being  a  great  improve- 
ment upon  that  of  Rom^  de  Lisle,  the  measurements 
obtained  by  it  bi-ing  more  aei^uiate  the  wmatU-r  the  faces 
of  the  cTjKtal  (because  the  angles  were  measured  by  meanit 
of  tht!  reflncted  imager  of  liright  obj<rots  >ieen  in  them), 
enabled  many  new  truths  to  be  discovered  which  could  not 


!iri:rtAL  UEinow:  or  otsooTBiT. 


utlmrwue  bave  b^en  found.  It  was  b;  tneauB  of  muck 
more  refined  appanitui)  that  Fiauiihof«r,  of  Mnnicb,  was 
ctMblcd  to  ohtt^rw  and  discover  576  dark  lineii  in  tin;  m>W 
s]>ectriiin,  altbougb  WoUastoo,  by  meaoB  of  th«  prixtn^bsd 
previoiitily  found  only  Koven.  Atn-  al«),  by  adopting  a  modi> 
t)t?d  mode  nf  oheennttion,  discovered  that  all  the  different 
varictim  of  polarJMd  lif^ht  might  be  obtuiu-d  by  tneans  oC 
rock-crystal,  according  to  the  direction  in  which  tJh*  ny 
was  transmiti^l,  and  that  a  crystal  of  quarts  is  capable  uf 
t-xbitiiiinfr  every  vurii-tyof  elliptical  pobuintion  of  ligbL 
It  was  by  the  use  of  a  more  sensitive  thertDO-eleotrie 
pile  than  the  uri|i;inal  one  of  Seebeck,  that  Hdlloni  was 
t^naliled  to  make  liix  dincoverics  in  diatli«nnancj.  By 
means  of  the  very  greatly  increased  delicacy  of  the 
iipfH-troscopo  as  an  instrument  of  chemical  analyas  ove^Jl 
that  or  previotu<  chemical  t««tti,  3wan  wa^  enabled  t^H 
detect  the  widely  diffused  presence  of  escesedvely  minute 
quantities  of  common  unit.'  It  wa«  by  tlie  Hso^tance  aboj 
of  greatly  increased  sensitivenesa  of  the  gal^'anornt'tflt 
which  he  employed,  that  Du  Bois  Itcymond  was  enabled  l( 
make  hi»  diMoverie*  of  elc>ctric  currentK  in  animal  ttsinic 
As  the  molecular  phenomena  of  nature  are  extivinrij 
minutp  in  compuriHrn  with  the  powt^rof  Ibo  m;d»cs,  and 
are  acquainted  only  with  the  more  crude  exi?ten<'v4  tni 
actions,  it  is  probable  that  much  of  the  discovery  of  tl 
future  will  be  effected  by  mean*  of  still  preuter  rcfJiiemcnt 
and  powent  of  onr  appamtuii  and  means  of  ohaervation. 

e.  By  m«ina  of  inQve  intelligent  and  acute  oftiw* 
vation,—  Although  thi*  caniiiit  be  properly  elasn^l  b«  a 
diffcrcnt  method,  it  is  bo  common  an  occurrence  that  1 
venture  to  place  it  under  a  8op«rale  ItirAding.  Atanj 
discoveries  have  been  made  by  attentively  observing  effect 
which  would  otherwise  have  passed  unnoticed ;   for  it 
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often  the  caw,  that.  rflVot*,  wln-n  first-  ubtuned,  aie  wj 
exUi-mvly  feeble  tliat  tbej*  can  bardl;  l>e  perceived  at  uU. 
TUe  movements  of  tbe  magnetic  needle,  for  instanoef  . 
which  revealed  tlift  t-xijiIi-iK*  of  iiiafrnctic  ttomu  over 
large  portions  of  tlie  earth,  were  many  of  them  w  tunall 
as  to  be  microHcoptcally  minute,  and  required  the  most 
aeulu  olwervation  in  order  Ut  deti'<rt  thein. 

d.  By  th«  cij7n,binexi  action  of  -many  ohaervers. — A 
large  amount  of  diiieovery  in  n-ttTunouucji],  magnetica], 
and  meleorological  science,  and  the  subject  uf  ciH<mie»l 
spectrum  analysis,  htm  resulted  from  tliu  combined  intel- 
lertual  action  of  many  observers  in  differcmt  ))arts  of  the 
world.  In  conscqunnce  of  the  advice  of  M.  Humboldt, 
tbe  Imperial  Aculemy  of  Russia,  akiiit  the  year  1830, 
ctrtahltshed  a  chain  of  magnetic  stations  right  acrow 
the  entire  Russian  Empire  ;  at  Petersburg,  Moscow,  Hel- 
singfors  in  Finland,  Cutlierinburg,  Kastin,  Bumaoul,  and 
NertscbiuKk  in  Siberia,  Sitka  in  Kuwian  America,  and 
even  in  I'ekin.  In  the  ye*u-  1835,  similar  stations  were 
erected  all  over  GenuHuy  ;  aUo  at  Stockholm,  Copenhagen, 
TJfNiala,  Milan,  Munich,  Dublin,  and  Greenwich ;  and  at 
these  places  simultaneous  observation);  of  the  three  ma^ 
uctio  eleuieuta  of  iDt.(-n»ity,  declination  and  inclination, 
were  taken  six  times  in  each  year,  at  intervals  of  five 
minntes  each,  during  twenty-four  hours.  Subsequently, 
also,  *tiitioii'»  were  ftirmed  at  Toronto,  St.  Helena,  the  Cape 
of  Good  Hope,  Van  Diemen's  Land,  Uombay,  Simla,  Singa- 
pore, and  at  Kelso  in  Scot  land  ;  and  aftiirwards  at  Brussels, 
Prague,  Algiers,  Cadiz,  Cairo,  Lucknow,  Travancore,  and 
at  Philadelphia  and  Cambridge,  U.S.  America ;  and  the 
nduction  and  compari>!on  of  the  observations  madi;atall 
these  places  have  resulted  in  the  discoveryi)fa  large  amount 
of  valuable  knowledge  respecting  terrestrial  magnetism. 


l>P1tC1AI.  MBinODS  OF  1>I$C0TEItr. 


CHAVTKB  lA'II. 

DIFCOVRUT  VY  COWi-ARIXQ   KllXt   CtASSIFTIXO   KHOWS 

Tntrrns. 

fevEitr  tnith  of  riAtiire  ««ntain(i  a  vant  dral  tnoru  informa- 
tioD  than  appears  in  it  at  first  sight ;  and  some  or  the 
additional  truth  mnj  l>c  ovolvcd  from  it  not  only  by  I'uj- 
iog  tho  KrnifC!>  with  wliich  w«  obwrve  it,  1)ut  a,Uo  by  nwana 
of  logical  analysis  and  permutation  of  ideas.' 

Svmy  differtnt  truth,  and  dasa  of  truths,  tv&m 
comparetl  hi  a  n«w  aspect,  t/ldd  «»  new  knoUjUdge; 
and  this  may  bo  viewed  u*  the  law  of  KicntiGc  discovery 
by  means  of  the  wnftea  and  intellect.  It  not  only  Tt«li]« 
us  ntrw  knowledge,  but^  if  combined  with  adttitional 
tnith^  either  yield*  »i<(re  knowledge,  or  excites  in  ou^j 
minds  n«w  hypotheses,*  which,  by  further  er[>«rinMjn^| 
or  observation,  may  )iI«o  li-ad  to  new  discoreries.  We" 
occasionally,  witbotit  having  recouriie  f.o  drw  cxporimeiita^j 
acquire  new  knowledge,  cither  by  comparing  faelt  an(H 
nrr-ingiiip  logrtliiT  all  thosij  of  a  nimilar  kind;  comp*tin^^ 
colloftiou*  of  faHs,  and  obsening  their  tiimilarities 
differeuees ;  arranging  a  collection  of  foct«  in  pnrticii 
or^iers,  and  comparing  the  orders  ;  or  by  classifying  a 
levtion  of  similar  facts  in  different  way*,  &c,  &c 
coveries,  however,  ar<^'  nstially  made  by  mentally  opeivtin, 
upon  neiB  facU;  and  in  either  e/ise  ndiioovory  i§  rarel 
made  by  one  of  then?  methods  alone,  but  luiually  by  meani 
of  several  combined,  or  employ<fd  in  euccenion,  because 
the  very  intimate  relations  and  depmden«e  of  all  our' 
intcUtfctunl  powers. 


&(!tt  f .  VIA  ti\  M(V 
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a.  ^2/  «"»/''«  eompitri»t/n  of  /nets  or  plt«nomena. — 
Tfa«  simple  coiDparjsoD  of  tacU  ba^  enabled  us  to  discover 
an  immi-niSB  wnount  of  new  knowlodgc.  The  cfit-cts  of 
prect^-Kiion  on  llio  appart^nt.  plaot^^  of  tlie  fixed  >itai!«  v-re 
discovered  by  Hipparehus,  id  the  year  128  before  Christ, 
by  couip;iri»oa  of  hh  own  obMTvutious  with  thotfe  of 
Timorhavis,  made  135  years  previously.  Coniparisou  of  the 
heavens  with  etur  maps  imd  catalogues  largi^ly  conduced 
to  the  discovery  of  tho  miuor  planets  or  asteroid:*,  by 
«naUint;  a  n<;w  or  movable  star  to  be  more  easily  rc- 
cogui*ed ;  it  was  iu  a  great  meuiirc  by  liivaim  of  *iioh 
comparison  that  Astrea  was  found ;  the  other  seteroids 
aUo  were  largely  discovered  by  comparing  the  hcuveus 
with  Kode's  ^  Berlin  Catalogue.'  It  wa#  by  making,  cland- 
fjing,  and  comparing  a  long  series  of  observations  during 
u  number  of  yt-ai's,  uf  the  xpi'itti  on  the  mn,  timt  Schwabe 
discovered  regular  periods  of  increase  and  decrease  of  the 
number  of  spots. 

Grabam,  a  philosophical  ini^tniment  maker  of  Ijondon, 
and  also  astronomer,  by  making  a*  many  as  1,000  very 
carvfulolntei^ationMof  the  movenientsofafrtK^ly^^aispended 
magnetic-needle,  and  comparing  them,  discovered,  in  1?22, 
the  diurnal  magnetic  variation.  Canton  also,  by  mean?  of 
4,000  eucli  ubseivntiiinH and  similar  cumparisoii,  dixcuverud, 
about  the  year  l75fi,  the  yearly  variation,  and  also  that 
the  dfiily  variation  wiia  greater  iu  summer  than  in  winter. 
It  was  by  means  of  comparison  of  the  effecta  of  electrified 
bodies  upon  each  other,  and  upon  neutral  ones,  that 
l>u  Fay,  Iwtween  tlie  years  173.^  and  1737,  discovered  the 
existence  of  two  forms  of  electricity,  and  that  similarly 
electrified  liodies  mutu^ly  repel,and  diiisimilarly  electrified 
ones  attract  each  other,  and  that  bodies  excited  by  either 
form  of  electricity  attract  neutral  ones.  It  was  by  com- 
paring the  rates  of  chronomi;tei»  in  t^itj  \wcw«wjt  wA 
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absence  of  ma^eU  that  Fisher,  in  1818,  discovered  U 
tlR'ir  rate  was  sffvcUxi  by  the  prwximily  of  a  magnet, 
1A20  Brewirier,  by  comparing,  diflcover«cl  tbe  ooincidcDc 
of  position  bctwcvQ  tlie  geographical  points  of  maximuin 
cold  and  the  terreBtrial  magnetic  pote».    Kreil,  of  Prague, 
in  1839,  and  Plnntumour,  of  Gintvra,  in  1842,  diBcovt 
by  comparison  of  the   pooitionti  of  the   mooa   with 
morements  of  the  ma^Hic  nectlle,  that  the  foruier  io^ 
fiuenced  the  inngiiHic  di'(-liimlii)n. 

ComparisoDs  of  coincident  phenomena  and  ol»eri-atioBs 
often  nrnder  monifcflt  new  iruUis.  It  was  observed  by 
Mr.  CarringtoQ  and  by  Mr.  Hodgson,  at  ditferenl  places 
fimiiltiiiicoiiNly,  that  a  very  bright  spot  mddenljr  appeared 
upon  a  particular  part  of  the  Him'A  ^iirfaov,  and  lasted 
about  five  toinutcs;  other  persons  remarked  that  the 
»elf-Tecording  magn«tic  nMdtw  at  Kow  Obsorrator;  were 
strongly  affected  at  precisely  the  ^ame  moment ;  and  itt^ 
was  further  observed  that  strong  electric  currents  wrr^l 
produced  at  the  «inie  time  in  th«  telegraph  wires  nearly 
all  over  the  earth — all  these  circumstanc&i  indicating  a 
tcrrvtftrinl  mii^i^ctic  storm  coincident  with  the  solar  out- 
burst, although  the  distance  between  the  sun  and  the 
earth  is  abi>ut  ninety-two  millions  of  miles.  It  was  whilsMdi 
t^ndeavouring  to  obtain  a  hxed  meANure  of  the  positions  ofl| 
linos  in  himinous  spectra,  by  placing  two  spectra  together 
and  ojmpitring  Ihi'm,  that  Ktrchoffaud  Bimscn  discovered 
that  tbt^  blaok  line  d  in  the  solar  sjKH'triiiu  exactly 
coincided  in  position  with  the  bright  yellow  arc  of  sodium ; 
and,  hy  pasming  mmlight  through  lb*  flarai-  or  heat«d 
vapour  of  sodium,  Kirchoff  found  that  the  dark  line  p  wan 
blacker  than  before,  and  thus  was  led  to  conclude  that  tfc 
black  liiK^  n  in  thv  solar  Kpectrum  was  caused  by  the  whiti 
light  of  the  sun  having  passed  through  vapour  of  sodium 
in    th«  Bohw  aimos^htttc,  aud  thus  had  it«  yellow  rayi 
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absorbed.  He  also  concluded  that  heated  vapour  of  BOiliiim 
jtlnjorbt)  rajs  of  the  Karni-  colour  an  those  it  cmit«  wbiUt 
huniing.  By  fiirlher  experimeuts  of  comparison  ht;  dis- 
covered ttiat  the  vapour  of  potassium  nnd  other  individual 
mctaU  all  pos«s»  the  property  of  absorV)ing  raya  of  tlif  same 
colour  wt  tbey  cioit  in  buminjr ;  aud  he  tbns  explained 
the  porsistt'nt  myMtcry  of '  Fraunhofer's  (or  ratlii;r  Wolltts- 
ion's)  lines,'  which  had  for  a  period  of  forty  or  6fty  years 
Wffli^d  the  insight  of  many  investigutor*.  H<'  showed 
tlmt  the  »iin  is  Btirrounded  by  an  atmosphere  containing  a 
number  of  metallic  vapour*,  which  absorb  particular  por- 
tions of  the  wliit«!  light  emitted  by  the  sun.  and  cause  tbe 
nunierouii  dark  lines  in  the  solar  nijwctrum.  This  discovery 
also  furnished  a  invthod  by  means  of  which  the  com- 
pn«ltion  of  other  luminous  heavenly  bodies  might  be 
ascertained. 

Tuberu  B«tigman,  Frofemor  of  Chemistry  at  t'psala, 
appears  to  have  been  one  of  the  first  to  observe,  in  the  i 
year  1775,  by  comparison  of  chemiciil  iAL-U,  tliat  chemical 
tmioD  is  determined  not  by  dmple  elective  affinity  only, 
but  by  the  sum  of  the  atlinities  of  the  bodies  mixed 
together  ;  and  thus  discovered  the  idea  of  double  dwom- 
position  by  balance  of  affinity,  tiy  amilar  means,  Ber- 
iboUct,  in  IS05,  further  nolictd  that  lM)tli  simple  elective 
affinity  and  alsn  double  decomposition  were  each  affected 
by  the  rdatwe  'ivantUieii  of  each  of  the  substances  present. 

b.  By  rximpariaon  of  fade  loUh  hi/potkesea. — ^[nny 
of  the  numerous  discoveries  in  the  companitive  sciences 
of  anatomy,  histology,  embryology,  and  phynlology  have 
been  made  by  this  metJiod.  It  was  largely  by  means 
of  comparison  that  Goctbc,  about  the  year  1T90  (and 
before  him  Wolff  and  Linn^ua  also,  but  vaguely),  suggent^'d 
the  discovery  that  all  the  ditTerent  parts  of  a  plant  are 
ooly  modified  stems  and  leaves,  so  aiteretl  b^  ft\«xw"*«,^w^ , 
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conditions  u  to  fit  Ibem  to  tbose  conditions  and  to  the 
work  to  be  done.  It  was  partly  by  comparisoD  of  bonu 
that  Cuvier  discovered  that,  fa«h  organinwi  being  fonnvd 
a  comftlete  Hyatein  in  itself,  and  tbst  from  a  knowle^ 
of  one  purt  of  a  t^kek-ton  tliv  construclioD  and  form  of 
the  entire  remaindor  might  be  inferred,  it  was  by  cotD- 
parisoQ  of  fects  with  the  doctrine  of  homology  tint 
OeoflTroy  St.  Hilaire  discovered  that  tlie  CMential  part*  of 
all  vcrlobrate  animak  ar«  the  same,  with  modificatioiu 
only  smted  lo  their  particular  requireoiunts.  Kc  dt»- 
covvrcd  that  nature  '  had  formed  all  living  being[s  an 
one  general  plan,*  vurii-d  only  in  minor  part« — oimi 
parts  being  modified  no  asi  to  fullil  difft^reni  fnnetions 
diBV-rent  nnimuU.  It  was  by  means  of  comparison  of 
multitude  of  well-known  facts  that  Darwin  infrrred  aad 
discovered  bis  Theory  or  Doctrine  of  Descent  in  th*  livii^ 
world  of  planln  and  animal*.  It  was  b^  viewing  tJiem  as 
affected  by  the  two  chief  principles  of  Inheritance  and 
Aduplntioo,  and  with  the  aid  of  comparison,  be  erolred 
hii>  theory;  be  supported  I>y  fni.<t.4  what  I.Ainarck  sng^ 
pesteti  as  an  hypothesis,  and  suggested  the  probable  e, 
Dalton'n  theory,  aUu,  of  the  rtik  of  multiple  propoi 
in  chemistry,  in  accordance  with  liis  theory  of  atoms. 
Kiiggedtcd  by  bis  examination  of  oleGaut  aod  carburett«d' 
hydrogen  gases;  he  discovered  it  by  comparing  Icnown 
facts  with  an  bypotticsis  h«  bad  imagined;  and  lie  did 
this  at  a  time  when  circumstances  had  iK^come  aafficiently 
ripe  for  tbo  purpose,  i.e.,  when  koovledge  of  clitnaicd 
facts  had  liecome  sufficiently  extensive. 

c.  By  comparing  facta,  atid  cotlfeting  tog^ 
aimilar  on«».— Discovery  by  simple  generalisation  ts 
iu>nimon,  and  is  the  method  by  which  wc  have  ao)uired 
knowledge  of  the  existence  of  different  groups  of  bodia 
forces,  ptopeiVVet,  oetvnis  «nd  vbcoomena — such  as  aoi 
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liiiuidx,  gaseit,  rnetAla,  non  TnetAl«,  pJttinentA,  compounds* 
soluble  and  insoluble  hodi^ :  combustible  anil  incom- 
biixtibli-  MiViKt»nees ;  (tupport^rs  ami  iion-HiipportORt  of  life ; 
elements  and  componnde ;  conductors  and  uon-conductora 
of  lii^itt  find  of  clwtTicity ;  positive- and  ucf^iitivo  bodies; 
magnetic  and  diamagnetio  .luUttanceH ;  animate  and  in- 
imutv  bodies ;  attractive  and  rcpuloivo  forcvii ;  common 
d  rare  properties  or  actions;  abetraet  and  concrete  phe- 
nomena, &c.  &e. 

Discovery  by  gen^mllttat  ion,  or  simply  claiming  together 
similar  substances  or  phenomena,  has  constituted  s  very 
neCKwary  ticp  in  tlii'  rvolution  of  knowk-dfje,  but  IK  fjwt 
being  replaced  by  the  more  truthful  method  of  clawi- 
ticution  (or  rather  arrangement)  of  bodies  »iid  actions  in 
natural  M-ric»i,  in  aecordaoce  with  tlieir  relations  of  mutual 
dependence  aa  cause  and  elTect. 

<t.  By  co-mpariny  collections  of /acta  tvitk  each  otlt*r. 
Thia  is  one  of  the  methods  by  means  of  which  we  dis(»ver 
what  is  usually  termed  '  general  truths.'  In  this  way  it 
bat  been  found  that  Imses  are  ulrctro- positive  and  acidx 
eleotn>-negalive ;  that  condnctora  of  electricity  are  fre- 
qiMMitly  also  conduct*ir8  of  heat  ;  fliat  electro-positive 
snliB.taii<-i:»  arv  usuiiUy  eoiiibuntible ;  that  good  conductoni 
of  heat  are  commonly  metallic,  Ac.  By  classing  together 
all  crystals  which,  like  tourmalins,  bt^une  etuctric  by  h««t, 
and  iill  those  which  were  hemihedric,  Haiiy  observed 
that  the  two  classes  were  identical,  nnd  thus  discovered  a 
connection  VH^lwcen  the  electric  properties  and  m<ite<:iilar 
atnictiu^  of  crystals.  It  wes  also  by  classing  together  all 
crystals  which  expanded  equally  in  all  directions  by  he«t, 
Uie  important  tliscoveiy  was  made  that  they  belonged  to 
the  cubical  or  monometxic  system  only. 

Sir  David  Brewster  discovered,  in  the  year  1818,  by 
tbe  optical   examination  and   com^aTiaott  of  «t^4jt!tt^  %. 
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general  relation  betwMn  their  optical  propoities  aod  cry»- 
tftUinc  form ;   a  correspondence  between  the   degrees  of 
gymmetry  of  the  crystalline  shape  and  the  optical  pheno 
mena;    thikt  tho^e  cij'i'tiU  whiirli  aiv  imi-axiul   in   ihrir 
optical  prnperties  and  give  circular  rings  by  polarised  light 
are  also  uni-axial  iu  n  crystullngraphic  sense ;  and  that  Uiose 
vrhich  are  of  other  fonnH  are  u.ttially  hi-axtal  in  optical 
ppopprties.     By  comparing  togetjipr  also  those  erystaUini 
HiilMt4incrcr<  which  twiHt  a  l>cain  of  polariaed  light  *ri 
those  which  crystallise  in  peculiar  modified  fomiH,  such 
cryi<tal9  of  quarts   with    plagihcdml  feces  at  both  end*, 
Sir  J.  HerwOii4  discuvrred  that  the  right-haodcd  or  loll 
baaded  optical  property  of  crysrtals  coneiipOBd  with 
may  be  t4^^IlC<l  their  right-handod  or  left-handed  cm- 
talline  form. 

Sir  Edward  Sabine,  by  comparing  the  observations  of 
I^mont  of  Munich,  that  the  diurnal  rariation  of  tbe  mag- 
netic needle  increased  during  live  and  a  half  years,  and 
then  decreased  duiing  a  similar  period, with  that  of  Schwabe 
of  DcK^uu,  that  the  increase  and  decreMC  of  spots  on  tlw 
nun  were  coincident  with  and  occupied  the  s^ame  period  ad 
those  changes,  di (covered  that  the  two  phenomena  were    m 
closely  related  to  each  other.     Magnetic  stonns  were  di»^| 
oovered  soon  after  the  year  1820,  and,  by  a  comparison  ot^ 
the  obswrvarion  of  M,  Kupffer  al.   Ksuina  iu  Russia  with 
those  of   M.  Ango  at  Paris,  about  the  j^r  tS'iS,  tbefl 
discovery  was  made  that  those   storms  occurred   simul-^ 
taoeoii^ly   over   large   tracts   of  llie  earth.      It  was  hy 
comparing  stars,  and  classing  them  into  groups  in  aecoid- 
anoe  with  their  relative  degrees  of  bnghtnc«,  that  W. 
Herschcl  discovered  no  le**  than  500  double  or  binary 
»tarB ;  a  few,  however,  were  known  prerioiuty.     Me  first 
discovered,  by  comparison  of  (hoir  relative  positions,  tbab^ 
thej  ievo\ve  rou^A  cwA^  (i\X»«.  ■ 
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«.  By  amtn'jing  a  collection  of  factn  in  jiarticular 
ovtUfrSy  and  a/mpuriivj  the  orders. — This  mvtliod  alwi 
discloses  |:;ciienil  truths.  By  arran^ng  all  conductora  of 
electricity  in  the  order  of  tlieir  degree  of  that  propi-rty, 
it  was  found  that  the  iiii>Ht  perfect  metalft  were  the  mait 
perfect  c»Qduct«r&  By  comparing  together  the  order 
of  the  elemental  with  regard  to  their  conducting  power  for 
beat  and  that  for  «loctricity,  the  important  discovery  was 
made  thiit  the  orders  were  alike  for  the  two  forms  of 
energy,  and  therefore  the  conclufiton  could  be  drawn  tJiat 
tlte  one  phenomenon  wa«  related  to  the  other  in  twrne 
intimate  way ;  proI)aI)ly  either  as  caiite  and  offeot,  or  a« 
ooocomitaut  effects  of  the  same  cause.  By  arrait^ug  alM 
all  the  eleineiitjkry  bodies  in  their  order  of  degrees  of 
magnetic  capacity,  and  in  that  of  tlieir  number  of  atoms 
In  a  given  volume,  it  was  discovered  that  their  capacity 
for  magnetism  increated  with  the  invreiise  of  the  number 
of  atoDU. 


CHAPTER  LVIII. 

DISCOVKBT    BY    MKAKli   OP  STCDI   AXD   INFKBBKCE. 

No  truth  of  great  magnitude  can  be  discovered  without 
the  employment  of  inference.  A  itfrri;  inference  which 
does  Dot  include  more  than  the  facts  from  which  it  is 
drawn  i»  a  real  diMOvery ;  but  so  far  us  it  ext^^ods  beyond 
them  it  is  a  mere  hypothesis  or  theory,  and  only  bt-comes 
a  discovery  when  the  delivient  evidence  is  supplied.  An 
inference  i«  not  a  discovery  until  it  is  provvd.  The  in- 
ferences logically  drawn  from  truths  are  thenuielveii 
truths,  but  tho«e  drawn  from  hyputhese«  arc  themselves 
liypothe»e«s  until  they  have  lieen  proved  by  citperiment, 
observatioBp  or  other  evidence.    The  M«tctic«.  ■a«.'^  >» 
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either  indnctive  or  deductive ;  we  mav  either  duoover  • 
general  law  by  in(luctiv«  tDfer<:n«e  from  fiict«,  or  dcti 
lively  iuTcr  a  new  condition  from  a  general  law  or  theory. 
We  may  draw  new  inferenocs  from  old  knowledge  rome- 
timei,  w  well  as  from  that  wliicli  iti  new  ;  biit  new  fact* 
OODittiMite  the  chief  source  of  discovery  by  this  method. 

The  method  of  diwoviTiiig  now  truths  by  mcuu  of 
inference  iH  preeiwly  the  same  in  all  caae.t,  and  oaaatta 
rimply  of  rendering  explicit  (by  meaoH  of  a  different  fona 
of  wordii)   in   a   concIiiHion    that  which   watt   implicitly 
Btat«d  in  propo!«itionB.     Id  making  discoveries  by  meant 
of   thft   method,   wn    tfith<?r    take    the   fact*    before   to 
jitst  a«  tliey  stand,  and,  withont  altciring  tlieir  form  ot     , 
urrangcmont  in  any  way,  we  at   once  draw  concluaioiuH 
reRpeoling  ihem;  or  we  pre viotialy  subject  tliem  lo  aiiil-T 
able  preparatory  intellectual   operations.      All   scientific 
knovrl'Klgo  (including  the  collection  of  vnriouK  (acta  which 
constitute  the  immediate  restilts  of  an  experimental 
search)  is  liable  to  require  previous  mental  treatment 
orfler  t«  fit  it  for  undergoing  the  procc*«  of  infcrenoe.' 
The  ideas  must  be  selected  by  comparison,  combined, 
ranged,  and  formed  into  definite  statements  or  propoci- 
tioDs ;  we  must  :dm  ponder  upon  them  l>eforehand,  and 
consider  them  in  every  possible  aspect,    We  miut  analysci^ 
combine:,  and  nmmgr  the  evidence,  in  every  pccaiblu  wayjB 
in  onler  to  extract  from  it  the  greatest  number  of  new     ' 
inferences ;  and  the  greater  amount  of  knowledge  or  data 
we  poiUKiu  respecting  the  subject,  the  more  discoveries  are 
we  thus  enabled  to  make.  In  the  net  of  pondering  upi»n  and 
analysing  tin;  evidence,  we  add,  subtract,  multipiy,  divide, 
combine,   arrange,  and   pennutate   tbe   ideas,   transform 
them  cither   in  part   or  whole  into   their  inclusive^  or 
equtvalenU,  imagine  cont  radtcU)ries  of  tl>em,  &«.  Slc^ 
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before  we  evolve  new  diiwoverie*  from  them  by  means  of 
inference. 

AH  tbc  gniat  modern  thcorie*  of  science  have  been 
discovered  by  the  employment  of  inference.  It  was  by 
meanK  of  that  method  that  the  theorip^  nnd  principles  of 
universal  g^ravJlalion,  of  the  universality  of  matter  and  of  the 
phy»ca1  powers,  of  the  conservation  of  matter  and  etuirf^y, 
of  tlitr  tniniimutatii>n  and  cipii  valence  of  forceii,  &&  &c., 
have  been  evolved.  It  waa  by  inference  Irom  a  i^at- 
msny  fact*  that  Sir  leaap  Newton,  and  otht-nt  who  «tic- 
oeeded  him,  extfililisbed  the  princijiht  of  gravitation,  and 
proved  its  existence  and  operation  in  distant  parts  of  the 
miivftrrt^.  By  tlie  same  method,  Farjiflay  and  others 
established  the  universality  of  magnetism  :  and  by  in- 
ference from  tbe  results  of  numerous  invpEtij^itoru  the 
comprehensive  truth  has  been  discovered,  that  all  the 
forces  upon  this  earth  are  modes  of  one  primary  energy. 
It  ba«  been  by  means  of  inference  from  the  reeultd  of  tbe 
labours  of  numerous  eminent  cht-mi^ts  that  we  acquired 
the  great  truth  that  we  never  create  or  destroy  matter ; 
and  from  the  results  obtained  by  Joule  and  othen,  respect- 
ing the  conversion  of  one  mode  of  energy  into  another, 
and  tbe  quantitative  relations  of  tiie  various  physical 
powers,  we  diuwvered  the  great  truth  that  we  are  also 
unable  to  create  or  destroy  energy.  But  whilst  inforeoes 
is  (he  most  powerful  intellectual  method  we  yet  poRMW 
for  discovering  important  and  abstruse  triilhn,  it  i*,  at  the 
same  time,  the  one  which  requires  the  greatest  degree  of 
preparation  of  the  ttcnmcM  and  mental  powen^.  No  man 
can  infer  unWs  he  can  compare ;  nor  compare  unless  he 
can  perceive.  Ability  in  comparing  is  based  upon  the 
possession  of  extennivc  icnowlwlgc ,  by  olmcrvation  or  other- ' 
wise  ;  and  that  of  inferring  is  founded  upon  comparison, 
and  ready  detectjon  of  real  sinul&riij  ox  A\SCTen««i- 
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Brobabty  nil  ducorctrias  of  gremt  1««8  or  pfincipltf 
rt-quin:  the  emplovnerit  of  tbia  method.  About  the  year 
I66tt,  the  question  occitrred  to  Xewton,  why  do  ihe 
pIaQ«t«  move  round  the  sun,  and  the  moon  more  roand 
the  earth,  ini4t«ad  of  moving  in  a  straight  line?  and  bo 
inferred  thut  the  cart)i  pulls  the  moon,  and  the  mii  pulU^ 
the  planets,  and  holda  them  by  an  invisible  power  oSJ 
attraction;  and  he  conoludcd  that  the  earth  pulls  every- 
thing towardti  it,  by  what  he  called  the  '  force  of  gravita- 
tion.' He  then  calculated,  and  found  the  reatdl  wrong  by 
n  sixth  part.  He  next  witited  Mixtion  year»,  namely,  until 
1682,  when  he  heard  of  the  result  of  Picard's  measote- 
moot  of  un  are  of  the  meridian  in  Fnince,  viz.,  t4iut  thr 
earth  was  larger  than  had  previoiisly  been  Buppoaed.  He 
then  repeated  hia  calculations,  and  the  results  agreed  with^ 
bia  inference  of  the  action  of  gravity.  ^| 

Hooke  appears  to  have  been  the  iirst  to  infer  that  any 
variation  of  the  force  of  gravity  at  different  altitudm 
might  be  determin^-d  by  oW-rving  the  rate  of  a  pendulum 
at  thoae  places,  Uy  means  of  inference  from  theory, 
Newt'>n  concluded  that  a  plumb-ltne  would  l>e  deflected  by 
the  proximity  of  a  mountain.  Bougior  verified  this,  in  a 
rou|,'h  !?ort  of  way,  in  Peru,  during  the  y<?ar  1 738 ;  and 
Maskelyne,  in  1774,  confirmed  it  more  perfectly  at 
mountain  Schchullien,  near  Loch  Tay,  in  Ferththire. 
Htitton,  al*o,  asci^rtiiined  tin-  specific  gravities  of  specir 
of  parte  of  the  mountain,  and  from  the  results  he  obtained ' 
he  inferred  tliat  the  averaj^e  specific  gravity  of  tlie  mooDtaiD 
was  about  two-and-a-half  times  that  of  water,  and  one-half 
of  that  of  the  entire  Earth,  and  therefore  thai  the  Eaitli  wn5 
about  five  times  the  den^iity  of  water ;  and  tbia  ia  nevly 
the  same  aa  Cavendish  inferred  from  the  results  of  pendu- 
lum experiments.  Bode  having  discovered,  by  study  and 
oomparison  of  \\i«  d,\KU>.TK»:;«  ^  vJok  -^WmU  (ran  the  sud 
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that  those  dist an ce.i  appeared  to  agree  with  a  particular 
mathematical  law ;  and,  bavio};  fotrnd  that  thi^  distance 
betvri'finMarBniid  Jiipit*TT»astwk!ea-*great  as  it  should  be 
according  to  that  law,  inf(.>rre<]  the  existence  of  a  missitif; 
planet  i«  that  space,  and  this  was  soon  afterwiinl*  proved 
to  be  tJUe  by  the  dlBcovery  of  the  Asteroids.'  It  was  by 
meiiii«  of  observation  nod  iiift-rvuce  that  Witxoii,  in  1774, 
diacorered  the  cavernous  character  of  the  spots  on  the  sun. 
By  studying  the  positions  and  movvaicutE  of  the  staiv,  ^ir 
William  Herachel,  in  17&3,  inductively  inferred  that  the 
entire  eolar  system  is  travelling  through  space,  straight 
toward*  a  point  in  the  connti'llation  Meroules.  In  the 
year  17i>3,  he  also  inferred  and  suggested  that  the  spola 
on  the  sun  were  openings  in  bright  lumiuotis  solar  clouds, 
and  that  the  seemingly  bliick  portions  were  parts  of  the 
body  of  the  sun  itself.  Schiaparelli,  in  1862,  by  observing 
that  a  comet  crossed  the  orbit  of  the  earth  at  tlie  same 
point  aa  the  shower  of  August  meteorites,  inferred  that  the 
mctonre  travel  in  the  same  path  as  thr  comets.  He  al>o 
tested  that  inference  by  calculation,  and  found  it  coneet. 

From  suitable  data,  it  has  been  inferred  that  the 
Earth  is  the  largt^st  dtnM  aolul  oi  the  solar  planets ;  that 
Jupiter  is  probably  composed  chieHy  of  water  and  watery 
vapour,  with  some  solid  nucleus.*  As  there  is  but  a  little 
appearand-  of  water  or  air  upon  the  moon,  the  conclusion 
has  been  infi>rre<l  that  there  exists  no  veg«table  or  animal 
Ufe  on  that  globe.  From  certain  data,  it  has  aluo  hcx^u 
calculated  that  the  cold  of  space  ia  about  ninety  degrees 
below  xero.' 

By  studying  the  feet  that  the  eclipses  of  Jupiter's 
moons  rarely  bap|M'ncd  at  exactly  the  calculated  momeot, 

>  Jiee  Wliewell,  i'lHTelity  of  World*,  pp.  191-319. 
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Caetsini  iLixi  Roeiner  were  both  led  lo  infer  thaf.  as  .tupiter 
i»  nearer  to  the  earth  at  on^  time  than  at  another,  tht 
ecIipEei  mi^ht  he  Mt-ii  iioine  minuten  c«riier  whenever  tbo 
rayn  of  light  from  the  moons  had  (o  Iravel  a  lem»r  dist 
to  reach  Ihi;  i-artli;  and,  hy  further  study  and  caicul-ition, 
Bot^mer  was  enabled  to  make  the  grand  diBcoverj-  of  the  rate 
of  Telocity  of  light.     In  I  ^76,  a  (;rcat  number  of  obwrva- 
tionaofeclipsesof  Jupiter*ssatel]it«««  were  a«-umulated,  and 
could  be  compared  with  Cawini's  tahlee.   Rmmcr,  a  Duni 
astronomer,  whom  Picard  had  hron^jht  to  Paris,  perceivi 
that    these  eclipficA    happened  constantly    later  than  th 
calcnlat^d  tim<!  at  one  nca^ou  of  the  year,  and  earlier 
another  season — a  diiference  for  «'hi<^h  astronomy  eoiild 
oGrcr  no  accuuut.    The  ease  was  the  some  for  nil  the  sati 
Ittes ;   if  it  had  depended  on  a  dcfivt  in  the  Tahiti  al 
Jupiter,  it  mi|{ht  have  atfeeted  all,  but  th«  eflfect  would; 
have  liiid  a  roferenee  to  the  velocitie*  of  tlic  sittrllit 
The  cause,  then,  was  BOmelhing  extraneous   to  Jupi 
Rocmer  conceived  thv  happy  idea  of  comparing  tho  crr< 
with  the  earth's  diTilanec  fn>m  Jupiter,  and  it  was  fo 
that  the  eclipses  happened  later  in  proportion  aa  Jupit 
wa«  farther  olf.     Thu*  we  icc  the  eclipKR  later,  as  it 
more  remote :  and  thus  light,  the  messenger  which 
us  intvlligenix-  of  the  oecnrrcuee,  travels  over  its  ooutmi  io 
a  meamirable  time.     By  this  evidence^  light  appealed  to 
take  about  eleven  minutes  in  travelling  the  diameter  of 
the  earth's  orbit. 

'  This  discovery,  like  so  many  othen,  ooce  madci 
appears  easy  and  inevitable;  yet  Dominic  Cassini  Itad 
ontortiiintrd  the  idea  for  a  moment,  and  had  rejected  it ; 
and  Kontanelle  had  congratulaled  himself  piiblioly  on 
having  narrowly  escaped  this  seductive  error.  The  objee- 
tionM  to  tht-  iidmisiion  of  the  truth  arose  principally  from 
the  inaccuiac::;}  of  ci\»«i\&V\(!in^  toxd.  fti»a  the  perxuasioa 
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titat  tbe  lootioDs  of  the  eat«llitc«  were  circular  and  uoi- 
form.  Tb«ir  irrr^ilnritii'^^  dixgiiined  the  fact  iit  qtioittton. 
As  the  irregularities  became  clearly  known,  Ropiner'a  ^s- 
covcrywu!- finally  cstubliehod,  and  the  **  Equation  of  Light" 
took  ita  place  in  th«  Ta1>le(i.' ' 

*  W«  must  consider  Descartes  in  particulu  w  Uie 
genuiiU!  author  of  the  explauution  of  the  minhotr.'  •  There 
are  two  main  points  of  thU  theory,  namely,  the  showing 
that  n  (iright  circular  Isind,  of  a  certAiu  di-fiiiiU.-  diameter, 
ai'ist-s  from  llw  gicut  inteatity  of  light  rettinnd  at.  a 
certain  angle ;  and  the  ri-fLTring  tbe  different  colours  to  the 
different  ifiuiuiity  of  tht  refniction ;  and  hoth  thw«^  tteys 
appear  indubitahly  to  be  the  discoveries  of  Deiicaitea.' 
And  he  informs  ns  t!);it  these  discoveries  were  not  made 
without  some  exertion  of  thought.  *  At  6r9t,'  he  says,  *  I 
doubted  whether  the  iridat  colouix  were  prwJueed  in  the 
same  way  a*  those  in  the  prixm;  but,  at  last,  taking  iny 
pen,  and  carefully  calcuUting  the  course  of  the  rays  which 
jiill  uu  uicli  part  of  the  drop,  I  found  that  many  more 
come  at  an  angle  of  forty-one  degrees  tlian  either  at  a 
greater  or  a  less  angle ;  so  that  then;  it  n  bright  bow  ter- 
minated tiy  a  Khade,  and  hence  the  colours  are  the  itame 
as  those  produced  through  a  prism."  * 

Newton,  about  lln-  year  1671,  opprarv  to  hare  been 
tht;  firat  to  inf(-r  tliat  the  thickness  of  thin  laroiniti  might 
be  discovered  by  means  of  their  colours.  Huygbens,  alsoi, 
soon  afterwards  concluded  that  light,  like  sound,  is  not 
a  !'iilwt.-ini;e,  but  a  vibration,  and  must  therefore  n^quire 
an  elastic  medium  to  transmit  it ;  it  was  thtu  that  he  was 
led  to  infer  the  i^xistence  of  the  universal  ethi-r  which 
pervades  all  bodies  and  all  space.  Eneke,  in  his  exa- 
niuatiou  of  bi^  comet,  found  a  diminution  of  the  periodic 

'  Whcwoll.  J/ittvjy  0/  the  titduaite  StiewM,  Sid  edit.  vol.  IL  jh  IBS. 
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time  in  the  euccenM'v  revolutionK;  from  which  bo  inffared 
the  exUtrnccof  a  ivflUting  medium,    Unuiuit  *illl  dvmte« 
from  his  tabular  plucr,  and  the  c»uep  yet  retnalDS  to  he 
di«oTCrc(i.''    llic  nirtlianical  idea  of  trauswrae  vifaraUoDs 
of  the  ether,  knovm  as  the  unduUtorr  theory  of  light  of 
Young  and  Fn-ttnel,  has  vnublea)  uti  to  account  with  moiit 
curiotL«  ejcactnesH,  and  to  discover  hj  inference,  the  trao 
cauites  of  manj  of  the  moat  diverse  pheooDii^na  of  UgfabH 
the  explanation  and  cause  of  the  pheQ<»iieQa  of  eoJoui^^ 
of  thill  filing,  rftriuU-d  .-^iirfiice^,  fhngcd  tthadows,  Sx,,  hv 
interferviire ;  of  double  refraction  b^  iuie<)iial  optical 
ticity  in  different  directions;  of  polartsalion  as  being 
to  transrerse  rihratiou*,     V'aiioiw  other  opliml  pheno 
have  bi'cn  »woiintwi  for  by  this  theory — fiict^  »t>mi: 
which  (irimaldi,  Newton,  and  others  bad  observed,  but 
been  unable  to  reduce  to  rule  or  cniue. 

It  wiiK  by  studying  the  plienomens  of  potarisatioa 
light  that  Malus,  in   1811,  vas  led  to  disco^'e^,  by  in^ 
forencc,  the  important  truth   that,  whenever  we  obtain 
a  polarised  ray  of  light   by  any  means,  we  also  obtain 
another  my  polariwd  in  a  direction  at  right  angles  to  Uiis. 
It  was  by  means  of  inference  from  experimental  measure* 
njcntfl  that  Brewster  discovered  the  law  which  in  all  case* 
determines  the  angle  at  which  a  reflected  liejua  of  light 
moiU,  completely  polarised,  and  found  that  *  the  index 
refraction  is  the  tangent  of  the  angle  of  polarisation.'  * 

Sir  J.  Herschel,  in  1822,  by  studying  the  phenomcD: 
of  tubslances  heiittul  in  tlumcx.wasled  lo  infer  nndsuggesi 
the  bjrpothesiis  that  dlfTcrent  l>odics  might  be  detected  by 
examining  the  light  they  emit  when  highly  heated;  and 
this  was  tested  and  found  to  W  true  by  Fox  Talbot  in  the 
year  1834.     By  observing  the  effect  of  solar  light  on  nits 

'  Wt«o«ll,  lliMarn  ^  tite  laJtuUrr  Seinetf,  3nt  tdit,  rot.  II.  p,  S!(. 
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of  silver.  Sir  H.  Davy,  in  1802,  and  also  Mr.  Wedgnood, 
iDfemxl  the  po^iliilit;  of  pliotogrnpli^,  and,  bjr  means  of 
ex[H!riinentK,  succeeded  in  making  soinc  pirtiirt^ii  on  ifiir- 
&WS  of  chloride  of  silver.  Stokos,  al§o,  in  the  jear  1851, 
iodtivtivvlj  inferred  tb«  true  explaiiatioo  of  tbc  dark  lioea 
in  the  solar  tipectiiitu  ;  and,  in  IBfil,  Hiinwn  and  KirchulT 
confirmed  its  correctness  by  means  of  experiments  made 
with  a  xpcctxoftcope. 

The  doctrine  and  discovery  of  latent  heat  was  an  in- 
ference, made  by  Dr.  Black  in  th«  yw»r  1760,  from  the 
results  of  his  experiments ;  and  he  made  it  knoTrn  in  Ilia 
subsequent  lectures,  but  did  not  otherwise  publish  it. 
Svanbcrg  interred  that  the  temperature  of  sjia*:!;  is  58°  F. 
below  0"  F. ;  and  M.  Fourier  arrived  at  the  same  inference 
from  different  ilatii.  I'n-vost's  theory  of  excbntifre^  of  heat 
was  also  an  inference  from  observed  facts.  It  was  by 
studying  the  pheiiemeuu  of  heat  that  Stiguin,  in  the  year 
18.39,  and  Mayer,  of  Heilbrono,  in  1842,  inferred  and 
Kuggested  the  hypothesis  of  the  mocltanical  equivalent  of 
hent,  which  Joule,  by  actual  experiment,  dixcovcrod  ; 
Mayer  aUo  attempted  to  discover  it  by  calculation  from 
known  data. 

Facts  may,  but  great  principles  cannot,  usually  be  dis- 
covered without  the  employment  of  thought  and  reason. 
It  wat!  by  »tndying  the  early  known  facts  of  electricity, 
and  making  new  experiments  in  connection  with  them, 
that  Du  Fay,  about  the  year  1733,  was  le<i  to  in- 
fer the  existence  of  two  kinds  of  electricity,  and  that 
similarly  electrified  bodies  mutually  repel,  and  dissimi- 
lariy  electrified  oues  mutually  attract  eaeh  other,  and 
published  an  account  of  his  additional  experiments,  upon 
which  these  principles  are  partly  bated,  in  the  '  Memoira 
of  thi-  Kn-nch  Academy'  in  the  years  1733,  1734,  and 
1737.     He  says:    'I  discovered  a  very  eim^l«  v'^'c^'^'^^ 
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wliich  accouutii  for  a  great  part  of  the  im-^lvritim,  nnd, 
if  1   laay  use  tho  Lvnii,  the  caprices  tb&t  seem  tu  aceaa- 
paay  most  of  the  experimcDts  in  electricity.     This  prin- 
ciple i#,  that  electric  bodies  attruot  nil  those  that  are  n'lt 
611,  and  repi-1  thein  an  soon  as  they  l>M:t>ine  dectrio  hy  ik 
vicinity  or  contact  of  the  electric  body.  ,  .  .  Upon  apply- 
ing thiii  priQcipW  to  various  experiments  in  electrieit}, 
anyone  will  be  «iirpri^d  at  the  number  of  obscure  and 
piixviiiiif^  facts  which  it  clears  up.'     '  Chance  hai  thrown  is 
my  wiiy  another  principli!  more  universal  and  reiiiarkable 
than  the  precedin;;  one,  and  which  casta  a  new  light  upoa 
the  subject  of  electricity.     The  principle  i*,  thut  there  Air 
two  iliotinct  kinds  of  electricity' very  different  from  one 
another,  one  of  which  I  call  vUreoux,  the  other  reninotu 
electricity.     The  fii-st  is  timt  of  gl&»,  gemfi,  hair,  wool, 
&<!. ;  the  second  i»  that  of  umber,  gum-lac,  silk,  &.c.     The 
characteristic  of  these  two  elcctTicities  is  that  they  repd.^ 
themselves  and  attract  each  other.'      In   1759,  Symnie^B 
also  inferred  from  known  ^ts  the  hypothecs  of  two  oppo- 
site kindit  of  electricity.     In  1708,  Dr.  Wall  inferred  tliat 
becauM  electricity  produces  sound  and  light,  it  *8eei» 
in  some  d(^^rt;tr  to  represent  tliumk-r  and  lij^btning.'     BjS 
s'Aidying  the  additiooal  truths  respecting  electricity  an'I^ 
lightning   which   had    been   subsequently   acquired,  and 
ob»(;r%'iDg  ilint  the  etfecta  of  those  forces  were   U!<ual1y 
alike.  Dr.  Franklin,  iu   1749,  concluded  that  they 
identiuti,  nnd  was  t.hus  led  to  derise  his  electric  kite, 
experimenting  with  which  he  proved  bis  hypoiheMS 
made  the  diecovery. 

In  1760,  Mayer  inferred,  and  Coulomb  oonlirmcci,  iJm 
theory  that  magnetic  attraction  varies  inversely  as  the 
iiquare  of  the  distance,  except  at  short  distances.  In  1799, 
Fabroni  inferred  that  voltaic  electricity  might  be  au  effect 
of  chemical  action;  in  1831,  WoUastOD  also  conoludrd  that 
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Uiv  primiirj  uauMc  of  volinic  electricity  vna  the  ozidatlou 
of  the  mntal.  Based  ujioii  facts,  Gn^tthusi  in  180.^,  in- 
ferred und  proposed  hit)  thvorj  of  clectioljrsis ;  and  atlor- 
waixlH  Davy,  Kitfault,  Cliaiiiprd,  Faraday,  and  Bctx(.!1lii8 
lonoed  similar  theories,  aud  the  latter  investigator  inferred 
that  all  subst&nceH  ch<-micHtly  iiniti;  iu  cousoqiK-uce  of 
their  possessing  opposite  electrical  properties,  and  thus 
was  eiialtled  to  devi»tf  bix  well-kiiowu  vlcctro-cLcmicut 
series  of  the  elementary  substancas  and  hia  eltwtrical 
theory  of  chemical  action.  As  u  fully-proved  instance 
and  discovery  by  inference  from  known  data.  Ohm,  ju 
1827,  published  his  well-known  fonoula  of  the  quantity 
iif  tlie  vultiiic  current. 

As  early  aa  the  year  1807,  Oerated  had  inferred  the 
existence  of  a  connection  between  clectiicity  and  magne- 
tism, and  in  a  book,  publiMitN:!  by  him  duriitjr  that  year, 
he  proposed  *  to  try  whether  electricity  in  it«  latent  slate ' 
(i.e.  a»  a  current)  'will  not  affect  the  maj^iclic  needle ; ' 
but  it  was  not  until  the  year  1819  that  he,  by  means  of 
expenmvntM,  actually  made  the  discovery.  By  studying 
the  pbeitomena  of  Oersted's  great  discovery  of  eirctro- 
magiictism.  Ampere,  in  I8:iti,  was  led  to  infer  that  elec- 
tric currcuts  were  themselves  magnetic  and  attract  and 
repel  each  other.  On  testing  hia  hypothetical  inference  by 
cxp<.'riments  he  proved  it  to  be  true,  and  discovered  that 
paiallel  currenti  proceeding  in  the  same  direction  attract 
each  other,  but  if  in  a  reverse  direction,  mutually  rejiel. 
iiy  simi'.ur  reasoning  and  experiment  iw  discovered  how 
lo  make  electro-magnets  by  coiling  an  insulated  wira 
round  an  unmiignelised  *teel-Uir,  and  »eudiui;  a  current 
through  the  wire ;  it  was  in  this  way  that  the  fii-st  electro- 
magnet was  made.  He  also  iufernKl  from  the  results  of 
OerMtfd's  f-xperiments  and  his  own  an  hypothesis  of  the 
mutual  magnetic  action  of  electric  cuttvuIbv  ajid  «,(•  <d\tf^ 
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testcA  it  hj  further  esfwrimenta,  prove«l  it,  wid  mtiAe 
the   dincovcrv.     Ry  rcnKdnio);  upon  ull  the  results  and 
basing  mtlculutiona  iipoa  them,  lie  rcluvt^d  tn  a  !ikm|>l<>  nnd 
«xt«n»ive  tnathematicat  theory,  all  Oie  new  and  iN>mpl« 
fac1«  of  cloolrrt-nuigiH'tisim  aintost  as  »o(>n  an  Ihvy  wor 
piiblUhed.     His  theory  not  only  explained  known  fae 
but   enabled  new  cn»c8  to  be   deductively  infi^md   an 
pTV-dicti^d,  and  thene  also  w«re  soon  confJrmeil  hy  «x 
ment;  it   included  also  the  mutaai  actions  of  ma 
M  woll   ati   of  conductors.     He  tcnn-'d  the   ph<-nom«Da 
*  electro-dynamic ' ;  and  he  puWisbed  his  riewn  on  ?«p- 
LcmluT  18,  1820,  Iwforc  the  French  Academy  of  Scieiices_ 
only  about  two  months  after  Oejsted'i*  discovery  wm 
made  known  in  Paris.     His  theory  was  that  an  d< 
currwii   circulate   round    each    particle    of    a 
Faraday,   by   studying   the   phenomena  of  electnvB 
netiam,  and  the  mutual  relation  offerees,  wm  led  to 
that  ax  at)  «lectrtc  current  produced  mngnctism,  so  mag- 
netism might  be  caused  to  produce  electric  cum^nt* ;  and 
in  the  yrnr  1831,  by  divining  n  xuitublo  experiment  of 
introducing  a   bar-magnet  into  a  coil  of  imutnU-d  copper 
wire,  and  tht^n   withdrawing  the  magnet  whilM.  the  two 
end«  of  the  wire  were  connected  with  a  distant  galvano- 
meter, he  succeedi-d  in  proving  his  inference  am)  making 
the  discovery.     Seelyck,  in  1823,  inferred  the  bypothwi* 
tliat  heat  might   be  caused    to  produce  electricity,  and^J 
devised  an  '■xpcriment  for  the  purpose.    He  joined  to)^tbR^| 
the  end?  of  two  bant  of  oop]'>er  and  antimony  so  as  to  funu     ' 
a  kind  of  circle  or  stirrup.     In  this  be  nupended  deli-^ 
cutely  «  magnetised  nt-edle,  and  Uien  heated  one  of  thaH 
junctions  of  the  dissimilar  metals.     The  needle  moved  by 
the  influence  of  the  current  thus  produced,  and  the  di»-^J 
onvery  was  made.      Tlie  eminent  pbiloMplter.  Gauss,  by^ 
studying  tlK  various  &cts  at  bis  command,  isfern^d  bis 
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aeon  of  terrestrial  ma^etism,  anrl  published  it  In  the 
yvar  1839.  A^'orilin^r  to  thin  theory,  the  earth  has  only 
two  magnetic  pole,*,  or  places  wht-re  a  frcwly  Biwpt^ntird 
iDounvtic  nvcdlo  places  itself  io  a  vertical  position. 

Important  wieiitifiu  (iiscovcricB  hav«  in  varinui;  in- 
stances been  long  overlooked  in  cnnaeqiienct?  of  our  finite 
povcre  of  iiifcrvnctf.  Gcber,  an  Arabian  alchemist,  who 
was  born  in  830,  discovoretl  and  piibliHbed  tlic  fact  tliat, 
\j  beating  iron,  lead,  or  copper  to  rodne^K  and  cooling  it, 
its  weight  was  incrci(i!<;il ;  Boyle  also,  during  the  reven- 
teentb  century,  obtained  a  siniilKr  result,  with  tin;  but 
ncvertb'h-SN,  in  the  face  of  these  facta  and  of  greatly 
increased  chemical  kuowledgi*,  850  yvars  aftenvunl«  ^t-c. 
ITdO),  they  rcm&ined  misunderstood,  and  ileccher  and 
Stabl  published,  and  chomiats  in  generul  accepted,  the 
erroneous  theory  of  phlogiston,  which  from  Berlin  spread 
nil  over  Eiiropp.  Every  human  invention  and  theory, 
however  improved,  is  only  an  advance  on  its  predecessors, 
and  is  more  or  less  imperfect ;  this  one  wa^  a  great  im- 
provement upon  previous  ones,  because  it  grouped  togetlier 
a  great  many  chemical  ideas  into  an  apparently  hai^ 
inonioui<  system,  and  tjic  wonder  iit,  not  that  it  was  defec> 
live,  but  that  so  great  a  step  was  made  in  advance  as  to 
develop  it  at  all ;  imperfect  as  it  was,  it  enabled  ohcnuKt^ 
l<o  cspreyK  more  sim;>iy  and  clearly  many  important  and 
extensive  truths.  The  theory  of  Beccher,  developed  by 
Stabl.  and  published  by  him  betwtwu  the  yvttn  1700  and 
1730,  was  an  inference  from  the  appearance  of  nearly  ail 
pineviously-known  chemical  facts  of  oxidation,  combustion, 
and  reduction  of  mct(d»,  Ac. ;  it  was,  however,  an  erroueotis 
inference,  which  luok^^d  like  a  true  one  because  it  appeared 
connrtent  in  nearly  all  ita  parts. 

The  modem  theory  of  chemistry,  founded  largely  by 
Iia\-oisicT  in  1778,  wa«  also  evolved  bjmeuacJlVx&e 
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dnvu  from  known  tJictj).     Luvokteir  had  found  hy  esperi- 
mnit  similar   bctii   to  tliotte  discovenM)   )>y   G«ber   and 
Boyle ;  and  from   tli^Me,  and  especiftll;  from  Priestley 'i  ^ 
experiment  of  obtaining  oxygen  gaa  tcom  oxide  of  mer-H 
onry,  he  inferred  the  ontnuwuM  chuartVT  of  the  doctriiu     ■ 
of  '  p1ilogiiiU>n,'  and  tbo  true  explanation  and  theoiy  of , 
oxidation,  combiutioD,  and  guneml  clivriticaJ  union.     U»l 
dcvi»fd  and  made  the  in^«nioii«  experitneut  of  beatinfl 
meroiuy  in  a  closed  vessel  of  air  to  enable  it  to  take  t^»] 
oxygon;  then  by  bcatiiif;  thv  oxide  to  a  much   higher ] 
tempiirature,  li«  re-obtained  tlm  m<-(al  and  gas ;  and  by 
weighing  each  of  the  substances  before  and  aflvr  each  of , 
these  changes,  be  found  that  tlio  metal  increased  just  at] 
unch  in  weight  in  I'onuing  the  oxide  as  waa  lost  by  tlie  airi 
in  which  it  was  placed,  and  that  by  subaequvntly  heating' 
Ui«  oxide  the  same  weight  of  oxygen  was  obtained  as  wv 
tost  by  the   air.     By  burning  charcoal   iu  oxygen,  aod 
analysing  the  gasvau)*  product,  h«  aUo  proved  that  *  fixed 
air '  was  a  coinponnd  of  carbon  and  oxygen.     And  from 
these  and  other  facli  he  inferred  and  proved  tlie  great 
discovery  thiit  in  oxidation  and  coubusliou  gas  is  taken 
from  the   air,  and   unite*  with  the  rusting  or  buraingj 
body.     Ue  also  inferred  tliut   common  air  c0Qsist«d 
'pure  or  vital  air*  (i.e.  oxygen),  aod  of  an  UQvital 
i,e,  nitrogen),  which  be  called  '  axote ';  that  pure  air 
the  noceseary  agent  in  calcination,  cx>mbo:<tiou,  acidifi' 
cation,  and  nt<'piratioD  ;  ami  tbat  all  these  processes  werel 
analogous,  and  cowdsted  in  a  decomposition  of  common 
air,  and  of  tixulion  of  the  pun-  nir  coniaiin-d  iu  iL     Hia 
oxygen  theory  rendered  explicit  many  other  facts  which 
had  previously  been  misunderstood.     Hooke,  in  1 665)  had 
already  inf<-rred,  Wcaiiite  red-hot  charcoal  was  not  con- 
sumed if  air  was  absent,  that  air  acted  upon  heated  suh- 
stauccs.    About  tVivi  wiuiia  ^axor^  &(x^V«  ooAlosud  a  bird  in  • 
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vease!  filled  with  air ;  the  bird  died  in  forty-five  minutes, 
nnd  he  concluded  thnt  beciiuse  a  cundlo  also  became  cx- 
tingiiixh«d  under  eimilar  circumstances  thvre  vn»  a  vital 
fir«  in  the  body  of  the  bird. 

NcwtoTi  appetirii  to  h;iw  Ijeen  the  first  to  inft-r  t.h« 
exiittence  of  cht'mical  affinity;  he  wmHiidt-ii  that  because 
iron  dissolves  in  a  !^olutioD  of  ctipric  nitrate,  and  precipi- 
tate* the  copper,  that  it  haa  a  xtroiif^-r  affinity  than  vopper 
for  nitric  acid.  Other  chemists  also  inferred  the  existesce 
of  diTtric  chemical  attniction.  'Thnt  a  body  which  i« 
united  to  another,  for  example,  a  solvent  which  haa  pene- 
-  tinted  a  metal,  iihould  quit  it  to  go  and  imito  itself  with 
another  whiuh  we  present  (o  it,  is  a  thing;  of  which  the 
possibility  had  never  been  guessed  by  the  most  subtle 
phiIiBi()j)ln-ni,  and  of  which  the  explanation  nven  now  i» 
not  easy.'  GeofFroy,  a  talented  French  physician,  said  in 
the  year  1718 : — '  We  observe  in  chcmii^try  wrtain  n-ia- 
tion*  amongst  diflferent  bodies,  which  cause  them  to  unite. 
These  relations  linve  their  deffrees  and  their  lawi>.  We 
obwrvf  their  difli-rvnt  degrees  in  this;  that  among  certain 
matters  jumbled  together,  which  have  a  certain  disposition 
to  unite,  we  find  that  one  of  these  substnnceB  nlwiiy*  unitt!» 
oonsrantly  with  a  certain  other,  prefeiably  to  all  the  rest,' 
and,  '  in  aJl  cases  where  two  substances,  which  have  any 
di«[*"Nition  t«  combine,  art-  tniited,  if  then?  approat^hfS 
then  a  third,  which  haa  more  affinity  with  one  of  the  two, 
this  one  miites  >vith  the  third  and  lct«  go  the  otlier." 
Bi-rgniann,  nearly  one  lnindre<I  years  after  Newton,  from 
the  inference  that  different  substances  possessed  different 
degrees  of  chemical  affinity,  was  led  to  discover  and  pub- 
lish his  series  or  tables  of  'elective  nfBnitieg,'  in  which 
Bulnitimces  are  arraii^il   in   the  order  of  their  different 
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(l.;gtfc»  of  intensity  rtf  chemical  ftttr«ction,or  that  ia  whJdi-^ 
tlte;  ditplacv  iiich  otht^r  from  their  oompoutuls.  ^M 

Soon  after  Klaproth  had  disoovwed  strontia,  Haiif" 
olserved  tliut  crystals  of  'tu-avy  «pwr*  from  tiicily,  iid>1 
thwu  from  1)i>rhyithire  (vhlch  were  cansideied  to  be  tbr 
lianie  substaocu),  ditTerud  in  thvir  angli?#  of  cl<«r;Lgt-  Itj 
S^  dc|;r«««,  an<l  reTu&rkvd : — '  I  could  not  suppoee  that  this 
difference  waa  the  effect  of  any  law  of  dccnanent ;  (or  it 
vroiilil  have  iifA-n  iivct-HMiry  lc>  «uppo<*e  so  rapid  and  com- 
plex a  lav,  that  eucb  a  hj-pothcsis  might  have  Ik^td  jiutly 
r«^rdc*d  m  »u  nhiW!  of  lh<;  theory.'  I''Vench  chtiiaiHti*  also 
bad  found  that  in  consequence  of  the  stmilaritit^  of  the  two 
4«rlbH,  baryta  aud  strontia,  thorn.-  cait.hs  had  ^oinctiinci 
been  mistaken  for  each  other,  and  Vauquelin,  by  diemical 
UulyHis  had  discovcied  that  the  bn«r;  of  tbf  crystals  Irom 
Sicily  was  ntioatia,  and  that  of  tho«>H  from  l)<-rbyAhire  was 
baryta.  These  foct^  becoming  known  to  ilaiir,  enabled 
faim  by  infcrutice  to  di>>covcr,  that  the  oogic^  of  cr)'8tuls  M 
might  be  eruployed  as  a  t^t  for  the  pretieDce  of  differcat  ■ 
substances  which  very  nearly  resemble  each  other  iu  other 
re«pect«. 

The  atomic  tJie«ry  of  chemistry  was  maitily  an  inference 
of  Dr.  DaltonV,  conceived  and  dcvelopttd  during  the  yeanffl 
1803  and  1804,  and  published  in  1807  in  Thomson's  'Oh<-™ 
uislry,*  and  in  1808,  in  Daltou's  '  System  of  Chemistry.'     in 
Laroi^er  was  one  of  thu  first  to  prepare  the  minds  offl 
chemists  for  drawing  this  i)iference>    About tbe  year  1770^" 
he  had  be(i;iiii  to  employ  frc4.-4y  the  Uilaucu  in  cht-micai 
experiments.     In  1778,  he  h-id  shown  that  *  fixed  air  (iA 
carlmnic  anhydride)  was  composed  of  definite  proportioof 
of  carlwn  iiiid  oxjgyu,  viat.  2H  piiriji  of  tliv  fi)rmcr  and  73 
of  the  latter  ;  and  that  143-<>  grains  of  iron  by  oombustion^f 
in  oxygen  formed  lii'2  grains  of  oxide;  he  also  found  that  ^ 
WBt«r  mm  a  comjiouiid  of  1  voUiiue  of  oxygen  with  about 


iwui      n 


DISDOTKRT   Ur  HSl.-UI  OF  UIFBBK.SCE. 


5i}» 


1'91   volumes  of    bydropen.     The   idea   that   substanc-eaJ 
tiiiitt^  tuii^t,ht;r  diitiuiciiUy  in  detiiiiU;  [>ropurtiuu»  by  wuiglil,] 
like  that  of  all  great  scientitic  conceptions,  began  to  bel 
jotcnvil  by  iwvoraJ  rbcuiifttji,  Wfore  it  was  prov«d  and  rcally  | 
ditMK>vered ;  it  occurred  to  tlie  mind.'i  of  HiggiuM,  Wtrnzt-l, 
pKtust,  and  Kictit«r.     llig)>iDM,  buving   in    17811   stated 
*  thai  in  TobitiK-  vitriolic  acid,  a  HingU!  ultiimitv  parliclo 
of  sulpbui  is  uuit^-d  to  two  oS  depblogisticated  air '  {ue, 
oxygen),  and  that,  in  pt^rfi:ct  vitriolic  ;icid,  every  eiogle 
particle  of  sulphur  is  uuiteil  to  two  of  dephlo^istioated 
tiir,  being    tliu    i|uuntily   iiucc«!iiary  to  «aturatiou,'    drew 
auilar  inferenct^  concerning  iht^  couipnuuda  of  nitrogea  1 
and  oxygon  and  the  compoBition  of  water.      But  it  w&s 
Daltou  who,  by  kborioux   Mtiidy,  cxporimcnt.  and   com- 
p«n«UQ  of  facts,  chiefly  proved  th«  truth  of  the  inference, 
and   really   discovered    thi^  tbcory.     By   associating    the 
ancicut  iioLiun  <jf  nUmm  with  tiiv   incdena  cooocptioa  of 
delinito  chemical  combination  by  weight,  he  gave  a  dt^;iee1 
of  pTL'cisioii  to  the  idea  of  lui  atom  which  did   not  pre- 
riaualy  exist,  and  enabled  succeeding  cheiniHtA  to  infer  that 
it  is  the  smallest  particle  of  a  simple  body,  which  can 
chemicidly  combine  with  another,  and  exi^t  in  a  chemi- 
cally combined  state.  Front's  inference  and  Uieory,  that  the 
atomic  weighte  of  each  of  the  elementary  eubatances  were 
xim)ile  multiples  of  that  of  hydrogen,  ha.<«  not  ko  well  stood 
the  test  of  experiment.    £tati  bati  nhown,  by  very  rigidly 
mocuratv  lUvesUgationH,  that  those  of  nitrogoD,  oxygen, 
dilorine,   bromine,   iodine,   silver,   lithium,  sodintn,  and  • 
potamium  do  not  coufonii  to  it.     The  theory  tjiat  gases 
chemically  combine  in  definite  proportion)^  by  volmne  ta 
well  as  by  weight,  wa«  an  inference  drawn  by  Gay-Lussac, 
about  the  year  18U9,  from  the  re»tdta  of  one  of  his  re- 
■earchee.  In  1811,  Amadeo  Avogadro  drew  the  further  ia- 
ferencc,  and  in  1814  Amp^  reproduced  the  theory,  that 
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»)tial  volumes  of  all  fiuhRtai)c««,  when  in  the  gsseouB  slate, 
and  at  the  same  tvmpcniture  and  pri-««ure^  contAia  the  sanie 
number  of  molecules ;  and  tbui  inference  baa  been  la^elf 
confirmed  hy  the  laboura  of  mbseqiu-nt  invcstigatora. 

Mun;  diMMv^rieM  have  ameD  from  drawing  aim 
inferenoea  from  Bimilar  facta ;  that  of  the  artificial  for- 
mation of  alixariae  aro«e  in  tliiK  waj,  *A  short  time 
«Doe,  (rraebe,  a  Oermnn  chemi^,  in  investigatiDg  a  ela» 
of  compoimdit,  called  th«  ()ui»onr!«,  determined  inddeotallj 
the  moleculir  etnictore  of  a  bodj  closely  lesembling  alis- 
arine,  which  had  bci-n  di^covernl  several  jean  brfore.  Tiua 
hod;  was  derived  from  najitlialine,  and,  like  manv  yfmiltr 
derivativee,  was  reduced  back  to  naptbaliae  when  heated 
Willi  Kuic-duMt.  Thi«  cinrum^iants-  Iwl  (he  «l>enust  tohi^ 
also  madder  alizarine  with  zinc-duKt,  when,  to  his  surpriM^ 
he  ohtMini^d  anthracene.  Of  coutw,  tlie  inference  wa« 
once  drawn,  that  alizarine  mii^t  have  the  same  relation  to^ 
anthntcone  that  the  allied  colouring  matter  bore  to  nagj 
thalino,  and,  more  Uinn  tbiit,  it  was  aUo  inferred  thai  tl 
same  chemical  processps  which  produced  the  oolomingl 
matter  from  nnptbalint-,  when  applied  to  anthracenes' 
would  ;i«ld  alizarine.  The  rebuilt  fidly  answered  thesi> 
expectations,  and  now  alizarine  is  manu&ctured  on  s 
large  scale  from  anthracene  obtained  from  ooal-tor.*' 
The  discovery  of  one  hydrogen  acid,  viz.,  hydrochloric, 
enabled  tht;  infi^renoc  to  bt^  drawn,  and  heljted  the  di»* 
coveriL's  to  be  made  that  hydrofluoric,  hydrabromic,  and 
hydriodic  acids  were  acids  of  hydrogen ;  Ampere  was  the 
first  to  discover  by  inference  that  hydrofluoric  acid  mu  a 
hydro^^n  acid. 

In  the  concrete  as  well  a^  in  the  Rimple  sdenoec 
inference  bos  evolved  many  hypotheses  and  diaooverieik 
Linnaeus,  in  the  early  part  of  the  eighteenth  century, 
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OTIC  of  the  first  to  infer  that  minerals  might  he  arranged 
accoi'ding  to  their  matbGmaticul  torme,  ami  to  constnict 
Hiivh  nn  arrangement.  Walleriiu,  about  the  yftur  1774, 
seems  to  have  been  the  first  to  discover  the  itlea  of  deri- 
vative forms  of  crystals,  by  tninciitionii  of  angles  and  edge*. 
Werner,  at  the  same  time,  had  a  similar  idea ;  bat  it 
vt&6  Gome  de  Lisle-  who  oxtcodi'd  tht;  idea  to  all  cr^'stal- 
line  bodies.  Bcrgmann  in  1773  concluded  that  a  hexa- 
gonal prism  might  be  built  up  of  ttolid  rhombs  on  the 
planes  of  a  rhombic  nucleus.  The  theory  of  decrements 
explained  why  a  series  of  forms  occur  in  crystals  of  the 
same  kind,  wliile  all  apparently  int«rinediat«  forms  are 
rigorously  excluded,  by  showing  that  there  must  exist 
TtffiUar  numerical  relations  between  tlic  rows  of  mole- 
cides  in  the  different  phines  of  the  crjMtul,  in  order  to 
produce  a  regular  shape. 

The  idea  of  reference  to  orystalliDe  axes,  and  thereby 
to  arrange  all  crystalline  forms  into  systems,  was  another 
valuable  discorery  by  inference  ;  and  appears  to  have  been 
first  made  by  Weiss,  in  the  year  1S09,  and  afterwards 
exti-nsiveiy  applied  by  Mobs.  It  wa^i  Fuobs  who,  in 
1815.  inferred  the  idea  of  isomorphism  ;  speaking  of 
geblcuit?,  lie  said, '  I  hold  the  oxide  of  iron,  not  for  an 
essential  part  of  this  genus,  but  truly  as  a  vimrntfus 
clement,  replacing  so  mtich  lime.' 

I\lo£t  of  our  great  geological  ideas  have  l)een  arrived 
at  by  means  of  inference.  Sir  Charles  Lyell,  for  instance, 
by  studying  the  feet  that  the  river  Ganges  yearly  convey* 
to  the  ocean  as  much  earth  as  would  form  sixty  of  the 
great  pyramids  of  Egypt,  was  enabled  to  infer  that  the 
ordinary  slow  causes  now  in  operation  upon  the  earth 
would  account  for  the  immense  geological  changes  that 
have  occurred,  without  having  recourse  to  tlie  less  reason- 
able theory  of  sudden  catastrophes. 
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%  digj^Dg  ia  ^ravel-piU  at  AliMvillr,  ia  PI 
M.  Boaoher  de  Perthes,  in  1847,  discovered  toufih  atodv 
liatclittto  luwociuted  with  ruUcs  of  extinct  aniniAl*,  »»d  wu 
thereby  enabled  to  infer  and  discover  that  man  lutut  bave 
exiHted  upon  the  earth  uges  previous  to  tbe  earlicAt  penodfl 
of  hinlory,  or  even  of  tradiiioo;  and  this  inference  U^^ 
since  been  abundantly  contirmed   by  a  number  of  dis- 
ooverifii  of  a  similitr  kind  in  oth<>r  place*. 

lo  ibe  concrete  science  of  biology  also,  our 
di.-<coTerIe*  Iiavv  bi»;ii  arrived  at  by  means  of  iDfeniii 
Lamarck  (Iwrii  in  1747),  by  the  xludy  of  such  livii 
ttiiu^s  as  snails,  wormfl,  insects,  sbell-lisb,  sea-anemoc 
itpongvs  (to  which  he  ^ave  thu  nuniu  of  *  invert«l 
animal»,'  lieeaii^e  tb«y  have  no  backbone),  and  froui  the 
.  impoEsihility  of  determining  what  were  distinct  forms  o^ 
8pcci(.-«,  was  lud  to  infer  and  discover  the  dcfivtive  nutu(^| 
of  Uie  theory  of  dinlinct  specie:*,  and  to  conclude  that 
all  tbo  iromeoBe  variety  of  animaU  were  not  separatidy 
cntttud,but  wvrc  probiibly  evolved  by  tltc gradiml  alUinition 
and  ditferentiatinn  of  a  few  siinple  forms  duriu^r  a  lonf; 
series  of  a^ee  :  and  that  differences  of  climate  and  of  food 
formed  a  part  of  tlin  ciitiee  of  tiieir  change.  Having  aim 
discovered,  by  ob»er\'ntton,  that  the  lower  animals  are 
morv  like  puch  other  tlian  the  upper  odcs,  and  that  thoM 
which  :irt>  more  nejirly  related  to  the  common  &tock  on 
more  nearly  alike  than  are  those  more  distimtly  rel 
he  was  led  to  partly  discover,  by  inference,  tlie  probnbiUt 
that  all  aninialit  form  a  great  system  of  series  of  Uvii 
thinj^,  fipringinf;  from  &  single  ancestor,  just  as  Uie  '■ 
of  a  tree  ariiie  from  a  {inrent  stem.  Cuvier  also,  tbe 
comparative  anatomist  and  osteolo^st  (who  was  bom  in 
1 769),  waa  a  i^nat  collector  and  elassifiur  of  facta  in  liis  own 
particular  subject.  By  inference  based  upon  compahsoB 
he  discovered  that  all  the  different  ^ttsof  any  one  auima 
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are  ho  ai!apt«d  to  each  other  th:it  from  &  few,  or  even  a 
(iinf;le  bone,  could  be  inferred  wliat  the  structure  and 
fiini;!  ioiiM  of  all  tbe  otbw  purl*  <if  tlit;  iniiinal  inwgt  biivc  been. 

The  great  discoveries  of  Ouvier  and  St.  Hilaire  appear  J 
to  coDtrudid  each  other,  but  the  contradiction  in  only  ■ 
apparent,  and  apparent  contradiction  is  often  a  obarac- 
teriiitic  of  great  truths  in  their  early  stages  of  devolop- 
meut,  Ikcuiisc  Buch  tntths  ii<-  nut  on  tiin  tsurftice  of  thiugx, 
but  require  considerable  study  and  experience  in  order  to 
rwilisc  Ihcin.  The  appiircnl  iiud  the  r»!ul  tire  ofU'n  tbe 
opposite  of  each  other.  Von  Baer  (horn  in  1702),  by 
studying  embryology,  discovered,  about  the  year  11*^8,  by 
observation,  that  the  embryos  of  differuut  8i)ei!ie)»  (u.«  ihey 
are  termed)  of  living  creatures  are,  in  their  earliest  stages, 
not  perceptibly  different  from  each  other,  except  in  siiw ; 
also  that  they  pass  through  IJie  same  order  and  appear- 
UQCes  of  development,  up  to  a  certain  point  of  time,  and 
then  diverge,  the  point  being  different  with  each  different 
anima!  at  which  it  begins  to  dil^'ereutiate  and  show  its 
trui;  kind ;  and  that  witJi  different  specie.^  the  order  of 
change  i»,  fish,  reptile,  bird,  mammal — man  having  to  paaa 
through  all  the  stnjjes  of  emhryolofjicfil  development  of 
which  olhi.T  Hpeoieit  of  animals  pans  through  only  a  portion 
— and  be  was  thus  enabled  to  discover,  by  fact  and  in- 
ference, that  tbe  by|x)thrws  of  Liiiuarck  and  Si.  Hiliare 
was  a  tnie  one,  and  that  all  animals  are  formed  upon  one 
great  general  plan.  m 

The  rcHulls  of  the  labour  and  Ktndy  of  tIteM  fourfl 
great  naturalists  prepared  the  way  for  the  etiil  wider  4 
inference  of  Darwin.  Charles  Darwin,  the  author  of 
the  theory  '>{  untiiral  si-lection,  describes,  in  the  follow- 
ing words,  the  manner  in  which  he  was  led  to  make  that 
discovery: — 'In  South  America,  three  classes  of  facta 
were   brought   strongly  before   my    mind..     E'lTStX'^.,  ^^a& 
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manner  in  which  cloeely  nllied  npecieo  replace  speeji 
in  fi^oing  southward.  Secondly,  the  close  affinity  of 
spocicK  inhahitiiif^  thi^  ixIandH  near  South  Ameri<'A  to  I 
proper  to  the  continent.  This  gtruck  mo  profoundlfi 
ciipociallj  the  diffrrttnce  of  the  tipecies  ia  the  adjoining 
islet*  in  the  Galapapos  Archipelago.  Thxrdty,  the  tela- 
tioQ  of  the  liviuf;  udentata  and  rodentia  to  the  cxtiitcl 
speoien.  I  ehall  never  forget  mj  astooisbmetit  when  1 
dug  ont  a  gii^intic  pict^c  of  armour  like  that  of  the  living 
arroadillo.'  '  KeHecting  on  these  &cta,  and  oollectii^ 
nnnlogous  ones,  it  seemed  to  me  prohnhle  that  alliol 
vpeciex  were  descended  from  a  comuion  parent.  Hut  for 
some  yeara  I  could  not  conceive  how  each  form  became  so 
ezci;lli.^nt]y  adupted  to  it«  habits  of  life,  i  then  began 
qretematicalty  to  atitrly  domestic  producliona,  asd,  after  a 
time,  taw  clearly  that  man's  selective  power  was  the  auMi 
important  agent.  I  was  prepared,  from  having  studied 
the  habits  of  animals,  to  appreciate  the  struggle  for 
existence,  and  my  work  in  geology  g»ve  me  nome  id' 
of  the  lapse  of  paxt  time.  Therefore  when  I  hap|>eaied 
read  *'  Malthus  on  Population,"  the  idea  of  natural  sell 
tion  fliisheil  on  me.  Of  nil  the  minor  points,  Uie 
which  I  appreciated  was  the  importance  and  cauite  of  Uie 
principle  of  divergence,' '  It  was  by  mfiaos  of  extensive 
knowledge,  Rtiidy,  and  inference  that  Darwin  (and 
Wallace)  discovered  the  foregoing  theory.  Haeelcel, 
a  ximilar  process  of  iDfcrcnce,  has  dravm  the  concl 
that  tlie  '  Olynthus  caican^otis  sjwnge '  is  one  of  tlie 
ancient  and  important  ancestors  of  the  human  raoe,*  and 
tliat  all  th(>  caicari-oiii*  sponges  are  deriveil  from  it. 

No  Bupematurai  theory,  or  assumption  of  the  openlion 
of  occult  cnuxcs,  can  as  completely  explain  organic  deve* 
lopment,  or  the  eonditionn  of  evolution  of  man,  as  tliat  nl 
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inheritance,  selection,  nod  adnptation.  WbiUt  pcrsoiis  in 
goDerftl  consider  incredible  the  hypothesis  that,  during  an 
immense  number  of  years,  man  was  Rradually  developed 
fn>m  tiie  form  of  an  npi-,  (.Iii^y  ;iro  6miili;ir  witli  and  birlirve 
the  &r  more  wonderful  fact  that,  even  in  the  compsranvely 
shtot  space  of  twenty  yearv,  eucb  individual  man  is  d^- 
v«lopfd  from  a  mere  ^puck  of  albuminous  mattt-r.  It  is 
intrinsically  no  more  incredible  that,  during  an  immense 
aeries  t>f  agee,  inorganic,  inituiimite  matter  ^lulually 
Wvome^  organised,  acquires  animation,  and,  by  luoanx  of 
the  processes  of  inhcrilaticci  selectioa,  and  adaptation, 
priulually  develope*,  and  pawws  through  a  whole  series  of 
vegetable  and  animal  forms  of  life,  up  to  that  of  a  man, 
than  that  dead  malttT,  partly  organic  and  partly  in- 
organic, taken  as  food  and  air  by  a  womau,  bvcometi  in  a 
few  hours  a  part  of  her  living  structure,  in  a  few  months 
au  embryo  child,  which  by  further  atisimilation  of  duud 
material  become«  in  a  fow  years  a  full^rowa  human  being. 
In  mental  physiology,  as  well  as  in  the  physical  and 
chemical  Bcicute*,  in  biology,  &c.,  discoveries  have  brtjn 
made,  not  only  by  means  of  experiment,  observation,  and 
comparison,  but  ul«o  by  nieuuti  of  inference :  and  thoKu 
made  by  the  latter  itielliCKl  have  UNually  l>eeu  the  mont 
abstruse  and  important.  The  process  of  inference,  based 
upon  I'OinpHriKonii  of  the  actionH  of  mental  power  and  of 
those  of  the  physical  forces,  leadri  us  to  ci>ncliuli;  lliat  evon 
the  human  mind  nets  in  accordance  with  all  the  chief 
lawii  and  principles  of  thoae  forces ;  al»o  that  neither  tlie 
conscience  nor  the  will  is  a  separate  or  distinct  mental 
power  or  facuUy,  and  that  the  latter  i»  xinigtly  a  conncloug 
mental  effort  to  effect  an  object,  the  idea  of  which  i« 
already  present  to  the  t/iww^' 

<  8ce  pp.  1S7-18S. 


60A 


SPBCIAL  VSTROra  Or   DtHCOTBRT. 


CHAPTER   LIX. 

DI9C0TEItT   BT  MEANS  Or   NEW  OB   lUriCOVKD   HnnODa 
or  INTRMJlCTPAt.  orBHATIOlt. 

A  TKET  large  number  of  the  most  reconclite  AptI  tro]>o)!< 
tant  diecovpries  have  boon  mom  or  \v*s  t-ffi-ctcd  in  thl 
way.  Evi>ry  new  logioul  or  mathRtnatic-il  pro«*8s  of  wt>ri 
inp  in  algebra  or  geometry,  and  every  development  nt 
(•xtciisioii  of  lognrithmB,  fliixioDK,  tlii>  difTerentitil  (■;ilcii1ua 
tSc,  has  Wea  followed  by  new  discoveries  in  subjects 
wlticli  tlic<e  new  or  improved  int«11cctunl  processes  luv 
been  applied. 

It  was  by  the  application  of  the  peculiar  nathematic 
methodti  which   Laplncc  had  invented   for  solving  the 
problem  of  the  figure  of  the  planets,  that  Biot  wiw  enitble 
about  the  yi^ir   1801,  to  give  an  exact  Bolntion  of  tl 
prolilem  of  the  dirtribittion  of  electricity  on  n  spheroid 
to  which  Couloml)  had  only  been  able  to  approximnc 
roughly  by  mean*  of  the  prcvioii»ly-known   methods 
mathematical  analysis,  the  state  of  mathematical  knnw- 
Iwlge  being  at  the  time  behind  that  of  electrical  wi.-'nc< 
Poiseon  alun,  in    1824,  hy  employing   the  niiirhrmatica 
artifioo)  of  Lnplac«  and  I^cgendre,  was  enabled  to  ol 
general  expressions  for  the  attractions  lud  repulsions  of  i 
body  of  any  form  wliatever,  magnetised  by  tntliten«« 
a  given  point,  and  in  the  caec  of  spheroidal  bodies 
able  to  Rolve  compIet4*ly  the  eqtwtiona  which  determin] 
the«o  forces.' 

It   is   not  improbable,  tJiat   by  invention  of  new 
improTed  n>ethods  of  intellectual  opontioo  (u  by  that  i 
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new  Rcientific  iastniroenti))  the  power  and  extent  of  aciion 
of  mao's  mind  may  bo  as  much  culari^d  beyond  its  piesent 
condition,  za  its  present  8t«t«  is  beyond  wlint  it  wae 
thnumiKiit  of  yeara  ago.  Tbat  Hucfa  new  methods  are 
really  possible  appears  to  be  proved  by  their  invnition  in 
the  pant,  as  well  as  by  thv  vt-ry  rapid  way  in  wliich  cal- 
culating boys  arrive  at  their  concUisions. 

Openinjfs  for  extending  the  range  of  man's  intellectual 
influence  appear  to  lie  in  investigations  of  tJic  physical 
condition*  of  mental  action' — alsfo  in  the  invention  of  in- 
srtrumenta  for  combining,  diWding.  multiplying,  and  ]jer- 
mutating  ideas;  for  drawing  conclusions  (as  in  Jcvons's 
lexical  machine) ;  or  for  calculating  periodic  phenomeua 
and  eohing  differential  equations,  as  in  thv  '  Integrating 
Machine'  of  Profrssor  J.  Thomson,'  and  the  'Harmonic 
Analyser '  of  Sir  W.  Thomson. ' 


CHAPTEK  LX. 

DISCOVERT    Br    UEAHS   OF  CALCCI.ATIOSS   BASED   VPOS 
KNOWN  TBCTH8. 

Ad  immense  number  of  discoveries  have  been  made  by 
this  method,  but  as  this  book  is  simply  a  treatise  on 
qualitative  rest-axch,  I  will  ouly  rtrfcr  to  a  few  instances. 
The  nitftlnid  is  applicable  chiefly  in  the  exact  science*,  and 
in  those  parts  of  other  sciences  nhich  are  based  upon 
esact  and  known  ipiantltntive  eonditions.  It  lias  been 
largely   used  in  mathematicet,  the   mechanici  of  solidt. 


'  See  n>-  5B-ftn. 

»  Roe  PrxF.  H,-!,.  Six:,  vol.  xiiv.  187C,  n>-  SM-3T6. 

*  JUd.  voL  xstii.  18T8.  p.  3*1. 
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lit|ui<ls,   and    gnsest   including    utronomj,   bydroetoUcd, 
hyitntulii;»,  i>iiciimutic»,  aud  acmtfltic^  in  the  sciencM  ul  J 
li^tit  and  radiant  huat,  and  to  a  less  extent  ut  tlioae  nflj 
"*""  '  dtj,  magnetism,  chemtatjy,  aud  vital  and  nwatal 

Klaoy  astronomical  discoveries  in  psiticular  have  n^ 
eiilted  from  itjiUMe.  It  vtasby  means  of  calculation*,  bwed 
upon  known  trutbt*,  that  tlie  efTectd  of  preccsaioD  of  tbe 
uquinuxes  wore  discovered  by  Hipparcbus,  128B.C.,  bycom- 
pjLriaon  of  his  own  oliHcrvations  witli  thoso  of  Timt^>cb&ris,fl| 
made  155  years  previously.  Ity  calculation  al»A,  Newton^ 
'  appears  to  buvc  disuovrrcd  ibe  mi^thod  of  demoiuitiatiDg 
t.bat  a  body  uiight  de«crilie  an  ellipi^e,  when  acted  u|>ou  by 
a  force  residing  in  tbe  focus,  and  varying  inversely  aa 
square  of  tbe  diKlancc*'  By  similar  mtuius  be  dist-ovei 
the  specific  granty  of  tbe  planete^  and  that  tbe  d^n^ity  o 
Sattim  is  almost  nine  times  less  than  tbat  of  our  eartb 
al«o  that  our  earth  could  not  be  a  perfect  globe,  and 
attertsioed  almost  exactly  bow  much  it  wae  flattened  at 
tile  pole*.  He  aim  found,  by  simibu'  mi-ans,  tbat  the  pre- 
veaaiun  of  tbe  eciuinoztia  vms  due  to  tbe  earth  not  being 
perfect  sphere,  and  that  tbe  cause  of  it  waa  the  greate: 
.attraction  of  the  ftun  and  moon  upon  tbe  extra  mass  oi 
matter  existing  around  it  at  the  equator.  About  the 
1770,  Liigrange,  by  means  of  mathematical  ctdcubition. 
diHcuvered  why  it  was  that  the  moon  alirayii  prescn 
iivuvly  tbe  fame  surface  towards  the  earth,  and  that  wh. 
Newton  liad  Miggt-j<t«(l  was  really  the  cause,  viz.,  the 
attraction  of  the  i-urlh  upon  the  swelling  or  vstni  quan^ 
tity  of  matter  at  the  lunar  equator.  In  making  tliis  di. 
covtry,  he  also  arrived  at  anotJier,  viz.,  the  cause  of  tbi 
libratiou  of  the  moon,  i.c.,  why  she  always  hai  a  Iji 


I  VHieirell,  IlUUvf  i^tU  I„dm4irt  SeienM*,  Srd.  edit.  toL  II.  p.  U^ 
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Bwaying  motion  of  the  axis,  and  exhiltita  to  us  contimuiUy 
fiist  a  little  of  one  sJdp,  mid  then  of  thu  other. 

ITif  astronomer  Enckn,  having,  by  calculation,  pi*- 
dictwi  that  his  comet  would  return  every  3J  yearn,  ft 
Frenchman  nnniftd  Poii«,  at  Mars<-iIIei»,  ohsM-rvwl  it  in 
1819,  tind  found  that  it  arrived  2J  hours  earlier  than  the 
calculated  time.  By  calculating  the  effects  of  the  diffe- 
rent planets  upon  Lis  comet,  Encke  al.*o  discovered  that 
Mercury  is  smtiller,  and  Jupiter  much  larger,  than  previous 
astrftnomers  trelieved.  By  Bimilur  inmiis  BIHa's  comet 
waa  discovered  hy  Biela,  an  Austrian  oBicer,  in  1826} 
Clausiien  computed  its  orbit,  and  found  that  tbo  com«t 
appeared  every  6  years  and  8  mnnth»,  and  subsfH^uent 
r^-appearances  of  it  proved  the  correctness  of  the  calcu- 
lation. Its  expected  return  in  the  year  1832  caiis^ed  ^reat 
consternation,  especially  in  France,  because  it  would  then 
oroBS  the  i-arth's  orbit,  and  people  thought  it  would 
ileatroy  the  earth;  but  the  latter  was  in  a  distant  part  of 
Iier  orbit  at  the  time.  The  alarm  wan  so  pwit  in  Paris, 
that  Arago,  at  the  renuest  of  the  French  Academy  of 
Hciences,  wrote  a  popular  eaeay  explaining  the  circum- 
fltances,  in  ord*r  to  pacify  the  public.  On  November  26, 
I84S,  it  returned  in  accordance  with  the  calculationa,  and 
Lieuten»nt  Maury  then  discovered  by  observation  that  it 
had  split  info  two  portiouia,  each  a  perfect  comet.  The 
two  pieces  returned  in  company,  at  the  same  distance 
apart,  in  the  year  1852,  but  have  never  been  seen  a(;ain. 
It  was  by  working  out  mathematical  calculations  that 
both  Adams  and  Le  Verrier,  in  1846,  were  enabled  to 
alErm  the  existence  of  the  nndiscovered  planet  Neptune, 
and  whereabouts  it  might  be  found.  It  was  also  by 
means  of  cidculations  that  Scbiaparelli,  in  the  yean 
1862-3,  disi^overed,  and  confirmed  bis  suggestion,  that  a 
comet  which  waa  seen  in  1862  travelled  along  the  sam« 
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path  11$  the  Aiigiut  uK'U,i)r«.     AOiuno  and  Le  Ttrripr,  lij- 
similar  meaoa,  suhsequenUy  detennined  and  discotend 
the  orbit  of  Um  »hower  of  Ntivembor  meteors,  and  foond 
the  KUggeetion  correct  wbich  had  been  previoiuly  tnafe     | 
by  other  astronomers,  that  it  extended   beyond  Uranuf. 
In  thU  case  alao,  a  comet  wm  snhiteqiiently  ob««rvcd,  Hwl 
orbit  determined  bj  calculation,  and  discovered  to  oom^| 
spoud  with  the  path  of  the  November  meteors.    It  \raa  bf 
calculation   and    oomparison   that   Kode   discove-red   tht 
rcmarkublv  fuct  thiit  the  diKtiiDce  of  the  planets  from  the 
sun  appeared  to  oliey  a  remarkable  arithmetical  law ;  utd 
thU  further  led  to  observations  wbich  reirulted  in  the  <li>- 
covery  of  Ihe  iTitimnerable  asteroids  which  revolvo  routd 
the   Sun   Itetween    Mars   and   Jupiter.     By   culcuUitioD 
Lagran^  found  that  tbe  velocity  which  the  ezplutiiifn  «^^ 
the  planet  (of  which  the  n-tt^roidit  are  considered  to  b^| 
pieces)  produced,  need  only  to  be  about  20  times  that  of 
a  cannon-ball. 

Pythagoras,  by  means  of  calculation,  is  mid  to  hste 
been  the  first  to  demonstrate  the  property  of  th«  rt(thiifl| 
u)gle<l  trianglij,  viz.,  that  the  Hiuare  on  the  larger  side  ^^ 
equal  to  tJie  sum  of  tbe  squares  on  the  other  two  tide*. 
It  waa  partly  by  tneuiit<  of  calculation  that  Potiillet  fouttd 
Utat  tho  annual  amount  of  solar  heat,  arriving  at  thil 
eortb,  was  sufficient  to  molt  46  feet  in  depth  of  ioe. 
Ampf-re  also,  by  mi^ans  of  hi*  accompliolied  matbemntical 
analysis,  was  enabled  to  solve  the  general  problem 
electro-muffnttic  and  electro-dynamic  actions. 

The  principal  methods  of  operation  applivnblo  to 
quantity  arc — the  method  of  curves,  of  means,  of  h-art 
■quares,  and  of  residues.  In  that  of  curves  we  dnw 
a  curx-ed  Hoe,  of  wliich  the  known  quantitic*  are  the 
ordinate^;  and  the  quantity  upon  which  the  ebaii;^  q£ 
those  qoaTkUUeK  d^v^n^  %xii  Vb^  aJincUmt,    Tbe  praclicH 
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applicahilitv  of  it  depends  tipnn  the  readiness  with  wliicit 
our  «yc  doU-cts  regularity  or  irregularity  of  forms.  It  la 
used  to  detect  inexact  remiHw,  to  correct  tlicm,  and  also  lo 
discover  the  laws  of  change  which  true  results  oliey.  By 
the  method  of  mraus  wo  arc  enabled  to  get  rid  of  vurious 
i^rrorii  and  ine([ualitif8,  by  taking  the  aritbmtitical  tneao  of 
a  larfje  number  of  observed  quantitiee,  because  in  a  large 
niiutlier  of  observations  ordinary  irreguhiritifs  compenmito 
each  other ;  it  also  thus  enables  us  to  discover  very  much 
bmullcr  crrorH  uud  influeuces  tbnn  those  which  balance 
cut-h  othor.  lu  tirn  uietbod  of  least  si|uares  we  lake  ttiat 
mean  which,  according  to  the  doctrine  of  chances,  is  the 
iDOiit  probable  one,  viz.,  that  which  is  taken  according  to 
the  condition,  that  the  sum  of  the  squares  of  the  errors  of 
olMcrvEitian  liliall  be  the  least  possible  which  the  law  of  tho 
facts  permits.'  In  tjie  method  of  residues  we  Riibtract 
from  the  quantities  supplied  by  obser\-ation  tlie  quantity 
mxwwary  tosalisfy  preriouaiy-known  laws  o]>erating  in  the 
case,  and  then  eaaraine  the  residue  to  discover  the  chief 
law  which  it  obeys.  We  next  snbtract  from  tho  residue 
the  quantity  necessary  to  satisfy  this  la^  law,  and  thus 
obtain  a  second  reiiidue,  to  be  treated  in  a  liimilar  manner : 
and  thus  bring  eacli  law  into  view  in  succesKion.  The 
value  of  the  method  depends  chiefly  upon  the  fact  that  the 
mean  cD'ect^  of  the  siiccc«si  vc  htws  of  variation  are  less  and 
le^s  in  magnitude,  so  that  the  law  in  question  is  not  pr^ 
vented  being  prominent  by  the  undiscovered  laws.  Both 
in  tlie  method  of  curves  and  residues,  after  the  urgiimenttt 
of  the  chief  irregulnrities  are  known,  it  is  comparatively 
easy  to  find  the  remaining  ones. 

'  The  law  of  coutinuity  consint*  in  this  propo^tUoD : 

'  Both  In  ihn  mcthnd  of  nciUM  and  of  1«(ih1  wiiuirca  we  rMjnim  to 
~  Imow  prcvlootl;  llie  nrgtiiaeniv  of  tb«  irrDiciikritius  of  wtiioli  ne  too 
in  neorch. 
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that  a  quantity  cannot  pasR  from  one  ainonat  to  anotl 
without  putting  through  al!  intennediate  degreea  of  taa^- 
nitude  according  to  tliv  int(TnH'dittt«  conditions.'  'Ni 
ton  uwd  the  law  of  continuity  to  sugge!»i,  but  not 
prove,  the  doctrine  of  universal  gravitation.  Let,  he 
a  terrofilrial  body  bo  oarried  us  high  as  the  moon,  will 
not  HttU  fall  to  the  earth  ?  and  does  not  the  moon  full 
the  samo  force  ? '  '  Every  philosopher  has  the  power 
applying  this  law,  in  proportion  m  he  hiu  the  fncnltT 
apprehending  the  ideas  which  he  employs  in  his  inductio' 
with  th«  same  clcnmcm  and  Gtoadiui.'jis  which  belong  ti 
the  fundamental  ideas  of  quantity,  space,  and  n>jmbrr." 
*  The  Di/itfiwl  of  gra'lntiontxiaixiis  in  taking  intermediate 
stages  of  a  property  in  queiition,  so  aa  to  n«oerluin  br 
experiment,  whether,  in  the  transition  from  one  claabo 
another,  we  have  to  leap  over  a  mitnifest  gap,  or  to  fol 
a  cfintinuouB  road.'  '  Faraday  made  a  gradation  of  elee: 
oonducton  to  non-conductors,  and  Uius  discovered  that 
there  was  no  real  division  between  the  two  cIakmc  of 
boilitfs.  Ho  also  showed  that  voltaic  and  frictional  elec- 
tricity were  only  different  giAdea  of  Uie  same  force.'* 
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KbIiwV  dlaaiTrrjr  of  ihn  ttleO*  of 

PHclioiul   olcctridly,    dLionn^H 

^^L           DUtKneilKiu  on  tlin  ratM  ot  ohni- 

of,  4111                                          ^^1 

^^P           Dumclorv,  S7T-n*8 

iliMovuiiM  nNi|>»e(inf,'.  Ul^H 

Fkirun'i  dclunniiiiLlion  ot  tlii!  vc> 

&83,  asa~U4                        ^1 

loL-itf  of  light.  Gltl 

Fitcb*'>  inftttRRoe  lit  i)ip  laaoMT- 

I'liiJdn    in    etuDM,  <li«eov«<ry    of, 

^hiiii  of  lulKtaiuwa,  4<>l         ^^M 

iTI-STS 

•  Kiiti(tttiiK<nt>t  lAtmof  diaOoTCiJI^I 

Kluf-iinc,  tli^orjr  of  th«  oxiiience 

IGfl.  AT«                                            ^1 

of,Gl> 

• at  thfianht.'MS                   ^M 

l<^|jp)i>  (litioov«r7  ot  polAriutitoD 

Piwion  ot    ri'ti*cli«7  iinl>«tMiet^H 

ofliMlRiyv.  18t-43R 

by  tlMi  voluic  curmnt,  SOI        ^H 

Korooi,  o<iin*PrtiWli(y  nod  oiaivn- 

-_  in   Ibe  •  ralluic  •'0^1 

itacjnt,  417 

dit^oTnry  nf  the  M                    ^^M 

—  nirmlatioii  i>f.  163  -ia4 

Fiiliir«  itixoovfiy,  lu  |iMb«>lile  M^H 

—  ilitoovi'tj'    liy  cwunining   tlio 

tciii.  V8                                        ^H 

bRcpU  nt.  Est 

^H 

Korcofi  ilmilerl  iiiimlim'  nf,  IR 

^^M 

—  prciiiertieauf  (tieulirsioali  1J1>- 

U     vcniion*,   ITS-ITS.  SK,  U^| 

Ids 

[foreign    dinenvi-mrn,   oncoanftn- 

4T<i.  1H7.  r.i.5.  STA                      ^^1 

ittniit  ivciiivnd  by,  S0IV 

(laU1*<>.  i-<'rw:ullAn  of,  219           ^M 

^,          r'ntiniilk  of  the  qiuuiiity  of  tli« 

GnUihttiaiVt  diKoierj  tlioi  ma^^H 

^^B           voltaic   cnrrcDt,    dixavtrf   o! 

i)<>itc  vktiaiiiiD  ia  bui  nnltat^^l 

^V           tbr,  e&s 

5T»                                         ^M 

P                i'^mtoroy,  V«ui|Hpl[n,  AriilSeicuici'* 

Gftltonii  ptopMMl  mtMumaM^^I 

1                    ilinovt til's.  (,11,  All 

of  IdcM  M                           ^H 

1                Fouriit's  inteiVDM  of  tlie   i»an- 

(Inlvanie  rJcctricllf.  dlwoTCfy^^l 

1                           {IcmlDIV  of  (JIMM.  601 

*>iine  of  it«  of!«ci*  od  «nha*^^| 

^^.          h'liwlM't  ili«cov(Ty  of  vnine  of  the 

US                                              ^H 

^^h            n7«clB  of  giilruiiMn  on  imiinal*. 

IMvani'i  diaooi-CTy,  171,  (liH        ^H 

■    .        SIS 

(lalnttirmcfor.  iuvcniiiiri  <if.  1?^  ^H 

Kiin-TiJlio('«  ill>onvi-n'  witli    r«- 

OMO*tl>^<l  Vn(>lUTK  ATI!   f                            t^M 

Kard  ti!  siieiMrum  anuIyHiH,  &no 

volatile   liquid*,  iKk.^  <        .        -'^I 

fninklin^  dineovMia,  826,  bU, 

^H 

M7, 6DS 

—  (Llooomrx  of  ■onuo  of  ih«  alfao^H 

—  invvnl  !oii  «t  (ho  electric  kll«. 

ot  bJvalbiltK  Tvi<>iu>.  641          ^H 

4B0 

—  thHr  imuiimTency  to  heM|  41^H 

l^niinhofet'*  diaooverioa^  SST-SSS, 

oovcrv  of.  4 '9                             ^H 

B74 

OMawidi'*  'llacoi'orkH  tvi^iMtbi^l 

»          —  llntfl.  dUoovMT  of  the  me  ez- 

■rand  anil  iuB|fn«ti«Ni.  4Tk^^H 

^H           (Uanotioa  of,  Cf 8-a7S^  Ml 

^1^1 
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OJLS 

Gutiot's  dtienTery  of  tbe  iponU- 
nooiut  completloa  o(  ilio  voltaic 
tiiruit.  Stil 

Qaiuu'x  •!i>covi.-i;  of  hii  tlicorf  of 
(eimtrial  uo^^tina,  nM'«9r> 

—  InrontloQof  till inntfiM'Uinir'l^ir, 

Okv-LiUBac'a  diMovcry  of  oom- 
biaing  dolamcs  of  giumi,  ISO. 
S99 

0«b«r^  iliaoOT^ry  <it  a  solveol  fur 
p]|i],  SSit 

G«Dcml  caniM.  IIH 

—  iAi-Mf,  Imw  fi->)m<'it,  400-401 

rule*  ••!  TWH-BTcll,  463 

—  lernu.  S0-8S 

—  tmlh*,   how  (lUcoTGiod,   561, 

—  —  iiDporlanM  of  (liocovering, 

ma 

OcncnUlioiioii,  biuls  of,  SSli 

—  ilanx^r  ot  too  oxtensitu,  40S, 
448 

—  dinoovcry  bjmciuii  of,  GifO-^Sl 

—  nntum  mad  niRof,  40&-403 
OvDvmliBot  fact*.  94 

avnluB.  cinruiUBtantHu  favoitniblc 
to  Ih*  drvolormenr  of,  atifi 

—  detinitions  .-rf,  s(a.£l3,26! 

lll*(ai1Ci:»    of     tllClHIO    tcllTUtiflc, 

S40-S4e 
— ■ matlicnittiiciJ,  ta-i\ 

—  orci^nil;  ot  lo  siicccjH  in  ru- 
M'aich,  341 

—  udeDlific,  Cundilions  ot,  861- 
3(SS 

OeolTruj'')  (anA  nthciF)  Inftrrenea 

of  (he  «>xiiiiotitw  of  cLcmiMl 

affiniu,  £{iT 
Gco^r^pljiokl     iliacavcTlcA,     liow 

tnwli!,  IC»,  ATI 
ff«o!oKifal   cluHiKtii.  disoovMy  of 

I?»0  umiJual  nature  ot,  Kll   Ii02 
Gtiboin'ii  dUcoicry  of  nloRiioljllc 

movcmonia  ot  mDicuiy,  S4T 
(lill>«rt'a    ilisuovtries    iE(|i«otiag 

elcotrio    &tttBCti<Mi,    etc.,    GUI, 

SIC 
Qfatoiftl   ptienomena,   liow  dbou* 

Tortd,  STl 


GOV 

GliUB,  Aiicnvcaj  ot  electric  AetJooti 

ihrouKh.  B3M 
(llauliur's  rulv  ot  tMaoovory,  SOI 
Glucinn.  diaoovny  of,  GUI 
(ioMhnV  >ii_([);;(uilRd  illnnovery  »*■ 

*[*ct  itiji  jilMiTa,  &T9-SS0 
OoM,  dincuTcry  of  ft  solvent  tor, 

GGC 
Golding  IlindV  olcctm-d«po«li]oaj 

of  imuuHliun  am)  iKxIium,  tiS 
I  GoM  puials,  uiT«iittQii  of,  gouiJcdt^ 

4S1 
Ooatomclnr,  InTcntlon  of  tlio,  4T8 
Oov«imiii(TDt  Kraut   f»r   hwmIjd^ 

rwtnrolii-ti  ill  tdcncv,  333 
Oradatioo.  use  of  llio  mclhod  of, 

lorcMnrab,  613 
Qr»«be><li«covoryot  artifiola]  all- 

Oniham'i  ditcamj  of  diurnal 
magnetic  variation,  ATT 

—  lavontlon  Ui!  d^i«u(.iti)r  cl'Sn^oa 
of  matrufl  it  inicnsily,  S3T 

QrovitittivD  aitracUon  of  a  moun- 
tain, (Uaoorcry  of  ibn.  GSn 

Grnvfl.y,  diacovery  ot  il*  rarlalion 
n-itli  altitude,  SgG 

~  of  the  law  ot  action  of,  173, 

ITT,  224.  889.  GOIt,  sT3,  S8S- 
6K6 

—  fuvblectMa  of  llie  force  uf,  34 

—  velocity  of  the  torw  of,  31 
Gin}''i  disBovnriiu  rnspccilng  trie- 

tlwiol  olpctricity,  r>n-J-fl33 
Gray  und  Wliulci's  diBoui-eiita  rt- 
^olitit;  iitati«  elcclricity,  CS3- 

OiitaidliKov«TTi«8,pn)InmtiM<d,  17B 

—  Cauwivf  ftlltLiapirJe-SO.iOS- 
(irow'n  disoavifriM.  ITA 
tlitiiiAl'li'iitlUcoTaiyol  dlffractlOD 

of  li^iit,  ses 

Qroltltiu'*  intmtiuQ  of  Ms  Uicorjr 

of  cInciTolyiii,  fiilS 
Otoie'M  ballory,  Invonllnn  of.  46fi 
aaeriake,  Ottii,  iurenlion  ot  tlie 

oleotric  nacliice  by,  480 
(ianpondai.  disoovory  of  the  pro- 

IWIIm  oft  G61 
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flint 
GuntvT'*  dtawnny  of  ohAi^   of 

Ojfmam,  dwooTetj  d  at  Nothor- 
&*]•!,  MS 


HARCKRL'S  infonKiOK  mqtocU 
iof  Die  '  OlpiihuB  C*lca- 
reiiiw  Sponge,'  CM 
IIbJm's  olnO'ivory  of  Ibe  minernl 
i!Matltn*nT«  of  plant*  and  uki4 
mull,  e'c.  MO 
HallV   mvcniitoi    uf   nchioiuatic 

Hftll*?'*  «un*t,  ribooTotr  <rf.  22S 

—  dUonrarr  of  tlie  lixM  b^Iinit- 
piict  of  vrat«n,  4T8 

a09-AI0 
*  naraiuiiio  Aimlfaer '  of  8ir  T. 

Thnmaon,  007 
tlunnonlc  TlbwloD,  ilaovntf  !«■ 

•peciinir.  (ISI 
Ham»'s  iijir<linrfion  of  ibelwhi- 

ntnir  fiiiidacltic  to  Kblps  6'AJ 
H«r>'«.v,  pvrMCtttion  or,  SSa 
llonuy'ii  iliacororr  of  llic  eirou- 

Ution  of  llio  blood,  319.  009, 

Sll,fi71 

—  poai   Icdiiitry   and  ptnvn- 
iwoe.  8SS-^SS6 

BaAr^  aiMovorliw,  G3&,  MS.  &CT- 

Mfl,  HI,  fi>8 
IlH*k«tiM>  tm^vrmnit  of  tlie 

elecliic  nuicliinp,  ISO 
Ileiirin),-,  Hmiu  of  oar  ■eiwe  of, 

3S0 
UiMiV.  (linoovpiT  liy  cxnnilDiiig  lh« 

oQcota  of,  Ui 

of  latent,  G!9.e3t) 

^  —  ot  tho  mfChMileaJ  Wiiilvn- 

lent  of.  tSI 

—  «vol*«>d  bj  oontftot  of  liqaid* 
wllh  aoUda,  diMnvcrjr  of,  MS 

—  svolwd    by   fiinllMi,   (aq«ri- 
mcnt*  rMpeoiin^.  498,  680 

—  •volred  hj  nioIccolM  «luuif* 
of  Itoa.  diMOTorj  of.  610, 6W 

i—  III  ooiniilcx  •ffeciti,  3A.H 


IICT 

Hmk  .Hellimi  "■  dbeonrtM  TNpMl 
Int:  mdtwil,  m,  171>,  CUl.  M«. 
GT4 

—  of  Uiaaus,  IUi|iT«aiktiwi>ii>,lU> 
610 

—  nH»lj<niof  kDiMitl  ball  br,  191 
Backd'n  i'D11>ii><iwni    In   i^pSWi 

SS8 
R«nrr'>elNtrul7>ia  of  aCKb  Md 

anunoDio.  4H3,  CM 
Hctwliol,  Sir  J^  diaoovMlM  liK 

B18-S17,  MB.AII2 

—  —  jirwlictiun  '■(   ilijco^-ofjr 
oontiDnll)- of  IU|Uli1»(Bl|,'w«on< 
glmmt,  SaO-UHl 

iiMq^hIIm)  of  (pMlrwa  ona- 

l7nB,l«0 
Bi:r>«b«l'>,   Bit    J,,  erilrlon 

Irnlh.  IBS,  in6 
HeniGlii-ri,  Sir    W„   diMyii-ertiVL 

i7«.nil.B4;-M8.A.SK.n!4T 
KiriiTillorbanirlor,  SAX 

—  Sir  J.  Mill  Sir  W,,  iliMonrl** 
TWpecliiitt  r«biiliivbav  uMi 

Hl|<|MTcliw'i<dl«oc>V(iriM,BS6, 

IIOX 
niatolog;,   diiootcriM    in,    Ihmw 

BoBokvoiu  MrisK,  dlMnvtvy 

nnnaiing  lh«  odWetiOF  <>r,  aai 
Book«'t  di«avr«rie«,  ftW,  n;iT,  r>M 

—  ptodletlM  reiTiMilnr  tli  U' 
otaellonof  triivli]!.  IT1MI7 

BooTWOtr^    iiii*i>TCTy    re«iiPcilD| 

the  (liiitt«ndM«]r  of 

npoar.  641 
Bofkkim  aiic}  othun'  illatoy^ry 

wmat  o!  tlx-  L-flcou  of  eooniMiu* 

prcadtro,  CtU-MO 
Huulinldl'*  diMWwl**,  67»,  B7I 
llniit*^'*  eipCTliBMilL«mtof.23U, 

—  gnl   iurlnMry  and   peni 
anae,S&G  :!Git 

Hut  Ion'*  d^Mvit'Krj  of  tlit  tpeoUi 
gTSTity  u(  B  Duionliiln,  Mt^W' 

HtirgbeM'a    kMilieation   of 
ptiodiilani  to  cUniit.  i7i 

—  dlMOfwlM,  SM.  4«0-l9O,CI 
UW,  ST3,  US 


i««t(4^ 
B,  BTT.^ 


B7I 
M3U    "I 
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lUA 


BjtInMhInricikcld.tllMnrny  oriU 

nim-uheinicKl  aclioii  upon  llm«, 

i3%  GfiO 
HTitro-cIccirldtj-.    Ainxrmy  of, 

'■i3S,  *axt9i,  6119 
]il)iirutl<u.>riu    wci'1.  hiviMtlji^aClon 

of  luihfiltauB,  COS 
"Rjdrogta  Mid«,dls«ivei}r  pf,  Sfi'. 

600 

—  ■linoovpry  of,  WO 

. liiu   lii|tiL'fiicliun  ofa  G60 

HyponttrotM  bcid,  diMovct}'   of, 

BTpoihtM*  anil  qawliaiu,  dt»- 
covaiy  by  davising  aadt«8liiitc> 
EOtf-SSt 

—  M  Ltdi  to  (ll«c<>VBi7,  134,  IKS' 
387 

—  bow  formed.  36A,  3Ga-3;o,  101 
how  to   u<cnt   uiipi«v«d 

ilDM,  l:i3 

—  ftcitiiitillu,  3S3 

^  untniu  oDoi  w  on  »iil  t«  diM- 
covwy,  CI  I -.^16 

—  OM  ol  Infcronce  in  dcrlilng, 
35»-349 

—  T»lae  of  soicsiiiio,  3S7 

—  yet  rr.nuuolng  to  bo  proved, 
SIJi-GU.eOS 


I  OK,  dlncovKtr  of    hcitt  cTolvcd 
liy  fricii'oi  of.  S30 

of  (he  sTiilk>[i:iiy  tvinpt^ni- 

tnjc  of  molting.  GU6 
leclnnil-ajiiur,  ulccdlc  oxcltement 

ol,  83S 
Idea  of  nil  iDliaila  Okiuw.  uatiiTa 
of  lie.  tl>-5».  103-tlM.  fO9-ll0 

—  ot  ori^Al  li>i>,  nniaro  of  tbo,  ISil 
Jd«UK,a)m1niMS  19 

—  aD(|uinili<iin  uf.  13,  (T 

—  atMiciuiinD  of.  67 

—  tul<iniik!lc,  IH 

—  ooufoniiabilily    uf     to   tliulr 
caiu«!i.  43 

—  clnMltlcntion  of,  41,  .^3 

—  duly  of  aroldinK  dimtitfnl,  1)1 

—  [nlH)  orma  uflen   luuiiuiilablv, 
103,  113 


Idtiu,  AxulnB  0f,  SO 

—  How  of,  1M^6 

—  foriuutiun  of  goneml.  tOO-IOI 

—  of  new,  3:iii-^1l:.  S6S,  370 

—  how  muijr  can  we  [)«re«i*e  at 
unon !  4S 

—  mudiiitp,  333 

and  immediate  Bl 

—  nccFJUJiy  of  ooin>ol,  IS 

—  p«rifi«nion  o(.  1*T 

—  pemintoimy  of.  C!i 

—  qiioli tali vc and  ijiiaallMllvcfil 
-~  •luimiiricnlloii  uf,   SI~bS,  Stl. 

3<^»,  tSl 
~  rvGo;:Diiion  of,  liS,  fit 

—  nooUcctiOD  of,  6T-T1 

—  relftlive  deRTMs  of  cumplexity 
uf  cliHtinMit,  4&.4G 

of  ilii  tliirlnnii  of   dif- 

fotenl.  4T 

—  aritl  of,  36 

—  Mluciiuu  uf.  63, 97(  08 

—  eonron*  qf  acwiitaSe,  42.  SI 
'-  snggenion  of,  64 

—  tim*  roq^iitd  tor  pcTCclviniTi 
47,60 

—  tranafurmalion  and  iicalyni  of, 
illiMlntlcd,  33T-340 

—  tma  oiiM,  liow  <1oi««t«d,  ISO- 

^ the  baaw  of  intolleet.  4B 

—  uliitnatc  ■clrniinc,  41),  401* 
Identity  at  •l«ctrldljr  y\\h  li^tit- 

ilini;,  ditooirery  ol  the,  tiSt.  SUS 
fiuin  vnrious  loutcM,  BOtt 

—  the  low  of,  313 

Ignaranco^  xlfvcta  ot  io  T«iieiirch,J 
S5,  113.  133.310-311 

—  proUtblc  extent  of,  33,  36 
Igiionnt   hoaulliy    Ut    sciectlllo 

IceBl  0^167 
Inui^DBilioii,    definition    t>(    Uie 
power  of.  360 

—  ths  mental  pnjoMi  of,  36T-36S 
jHiwer  of,  how  oulilvucd, 

369-311 
Imaginative  power,  ooadltUm*  of, 

361 

aeoMctilj  of,  to  fgnu.  auo- 

ia  temuobilHl 
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Imtttrirmiive  power,  «cleiiilllc,  3Gfi 

'-  ilic  biiluK  of.  sei 

ImmcdUli;  invui!*,  III.  f  14 

—  iiloiu,  Al 

—  interviice.  31T-Si8 
Immonnir  of  apkue.  31 

—  of  ciiixiLitfri>I  cxiiiini;  bodiM, 
8(1 

■—  of  UtDO  end  *p«c*  In  Mtro- 

ninnioiil  pheoomeiia.  30 
tniporlaiii    plicn<>mrtiH,    n<'l    Ui« 

mint  violnii  or  ciiildi.-n,  cnii 
Ilio<itn|ttUtiIp   ntiiKi^ii,  value    of  > 

knuwl^dtrv  uf  in  r<'?«anih,  417 
#      IncompIsici»-M  ol  Uno  propertJM 

dl  bofilni.  iiMiftl,  398 
IntMnciTivHbmly  comidsrid  M  m 

tnM  uf  tnitli,  [9 
Iiicl«(cinictiliilitr  of  cereltml  im- 

prtMiaiusCe 
IiiuU-rnbb«r, dtsooiciy  of,  Mi 
luduewl  et«slTio  viiirenlc,  lh>rflv 

diiwvcrJM  rMpfCIin)!-.  41"3 
Il«iii(TUi.>n  ami  ilftfiirtion.  3lti 
liidiiuiiveunil  d#4u«(i««M:llon  at 

cuiuu;s,41& 
madM  ot  (titcoveij,  4B(»- 

4G1,  s»4-fiss,  nsn-eM 
Indwlff  M  a  rMAtiR  of  tiiieotM  in 

TCMunh.  Ml.VSS 
Infwwnco.  bwi<  of<  341. 4IS 

—  Uninodlai4t,S4T-Ht)t 

—  valiio  of  meiliait^,  S5S 

—  kiiiil  uf  kuuu  ledi^  duriitiJ  by 
t)io  aid  «f,  :i4S 

—  Rirdlntc,  :it;.  ;i(!>,  3S!I,  3.H 

—  uioiIkkI  ii(  'liNOirt*riji|t  iinili  by 
Ille<u)^of.  ^.s.t-asi 

—  ncMauaiT  ooiuUlioiu  ot,  H33^ 
8S!I,  eXfi 

—  prooatt  ot,  H»!l,  HSS-SIS.  34& 

—  qnaiiiiUiiiti',  HA!)  I 

—  aelpeliflc,  llliutlnillniu  at,  KIS 

—  ths  baflf  ol  tirvdicilun,  S44, 
401 

—  iv«  "f  in  dcrinDg  lijpoibbMK, 

35H-:i.'.l» 
ItiKnlio  I'lUi'i',  tlip  ld«a  cf  an,  49    | 
Inruio  i»ni  >i(>iimi  iobl  gcAfio,   to-  i 

atnccrtiui,  4lMI  I 


100 

Itiiwto  KdeniUo  smiIim,  I 

IsMMico*.  ooDiiptcuon^  cxcepUc 
ftU  r«>idaiii7,  W 

—  MW^itlooftl,  ntfMna.  ooB 
evuM,  l»$~&01 

—  ol  diMOTeiiw  mimed,  314,  W 
of  rcaidual  pfaoiioaMna,  OM 

—  0ttalMdlM««>rl<!M,  I3.'^13T 

—  of  tw-dlaooverr,  MV,  UU,  Ull-l 

ftoa 

—  of  iBM(I«inivt)e«l  g«oltw.  40>tl 

—  of  (Clmiliic  Rttnliui,  M& 

—  ot  lUanltaoeiMM  <liM>iirci7.  tTS! ' 

—  of  •aoocMfu]  ERdirtiun,  ssi- 
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th*  f ju<Ca  iHffo  letven  wtn  cmjriut  ^>ij1  uijdcr 
llKdiiv-tliin  nf  ffijf— ir  AxiiKiiA'n  at 
W(Ni]  u-lob.  and  Diaoif  of  tba  ca.i]ntit«a  Co 
LUiulnTu  tlic  LirTnc4pls  an  Galvii  frani 
w.*ituU  work- n-iS'Titlj  iw^ililjpuuiihht* 
haliiK  Thn  l<c~ik  !>  IliU  ol  trim  kind  nt 
bifvrmaUnu  ^'XMh  ulll  pUj  hu  iTirEorlaDC 
IDUl  lu  Uhi  liEiuiixlinu.  futufi.',  ujjdiaflB- 
diti^y  a  riduiilib'  juliliUi^Mt  lo  ila  trnim^ 
liBOum  Mkchjiiuo, 


INTRODTJCTION     to     the     STtTDY    of     ORGANIC 

ClItMlsTUl',    TlioCHEMIBTBVof  CARBiN  and  IU  (X)Mr()UNli8     H^ 
UiM.T  tL.  Aiiu'nioxr,.  II'.U.  VXA    M'lUi  S  Wuod  ltii(nTlI«i.    ?ib.v»§.U. 


PRINCIPLE8  of  MECHANICS. 


By  T.  M.  Ooonm,  MA. 


I  The  ELEMENTS  of  MECHANISM,  dcaiffno}  for  Swd«oti 
lit  Aji^Uo]  MiKliaiilc*.    BjX.M.  lf<Wl't''a.liJb   Wlk  in  %i>>lt«<Mi«i  ■» 


Tkti-Bi»Jtt  of  SiituM. 


B  ATT -'WAY  APPLtANOES.     A  D»-fripiioB  of  I>MiiIU  w 

lulling  CmulTut'tluii  (utmitBinl  lo  tt*  MmiMlM  at  tt*  ItutbiR*t>  ■■< 
MMonm  IniiJTUll»if  i>  iluirt  HoUn  al  tMtwn  BaUIbC  e«Mk.  Br  J.  W. 
Bjuinv.    Wild  im  Wncvici^in  uil  DtafnnB.    Ptkm  U.  tM. 


'H  DIM  U  WmI  fc)  "UJ  'if  '!»    pullllf 

ijw  corumeUod  viA  fiirkctluitu  c-r  flic 

Jbdoa  thn  conUDDAllj  k<*  In  opcfK' 

,  •ad  RDdiBta  nw}  nln  tram  It  % 

Dtuir  taiDwlataa  iMikA  wIUhM 

wfani  BD^muOng  th*  iHiutr  of 

VM"»»«  *i»1u.'  KiiDonnR. 

■TJitnholg  Aiblwt  bs>  bttu  cteuljr 

I  hi  llv  AaUiia,  nul  ku  muik  out 

ammmlt/latltooljut  tb*  gmml 

_.-'  tod  (0  tlM  mclDHC,  but  ilB  to 

<  fwriU.  Vfurin^rtnn.  vid  lifiuil- 

1  ot  oqi  miavt  imllSBj  mmguilH.' 

ACADKUT. 

'  RhNld  Ita  nECiKlty  nrlHs  ol  aMlag 

■  tTv  n«iul  jnLE>]«n«  lEihl  iiiii^  ntrti'  b* 

C*l  lyir  (yiKjf'^JtlT^  cijiTiilinl^nn,  ■ 

Ff*1  iTfuiL'li  ot   leuTihjiE  lliUijUM  lo 


■  Itm  on  laltvu  taqoada.  lb.  lUsicrt 
Itttit  Tftaiia  will  Imn  ■  aatfnl  (cm- 
b«4t  lot  Ull  D«w  fnrton  In  iha  cnni- 
■shun.  .  .  .  Vr  bty*  Uat  ttaa  dHDiad 
loT  (Ik  Uttlr  TaMmc  MD  Ntar  U>*  !■>■■ 
llai  laTBwMgmrbw*— —■laalli 
|irv|]^nUaii.  IIcabmId  lottAnpufian 
bi  <inr  uduiMa  Uvnnn  nftUb  b  b 
•mvtMDK  U  flnd  ta*  bM*iIMwa4  M 
lonctDHtl*!.'      Pu^lUlLOiamx. 

■Tb«  noM  TlifwMi  ih*«(M  I*  Be« 
UlHlr  to  mnlisn  tte  pMHIMT  i4  lAMiC 
mbnkSk*  Kt.  Buiitii  »•  lb*  aUa 
icrl-lxaka  ct  UaarlnL'     AacRmer. 
Mr.  BumC*  bsk  >IU  bt  «v«Mlr 


! 


Kr.  aiuvr*  bonk  will  awiina  «i 
11*  mon  eanrar  mdre  ik«t  tMw  H 
mora  IB  >  nanjr  tbu'lB  ItaacM.' 

Bsoun  MbcMune. 
CTBIOrrr  and  MAONETI8M.    IIt  Plmmdm  Jnnax, 

?.Il.a§.  L.  Ii  B.  Prolawi  of  KnglmalnB  la  tba  VnlncAV  1  Uloboiflh 

METAIiB,    their  FKOFEB1TBB   aad  TRBATMKNT. 

B>  Cblhum  Loinxm  Bi«*Aa,  tTDliarir  af  CboiUUT  In  Klui**  Oriltni 

Lanrlun,    WIUi  lOA  Wood  Bncn^nfi^    PrInla.W: 

■UUhfqtJJtHjct'tvnlvnii  Rvrununrkiml 

•■^tnm  baTo  dthirr  brcn  of  »  Witv  anil 

uuDilTU  «  uttiin,  like  tlw  it>l«D'IM  dijiI 

■tiiuRIt*  mrk  at  Dr.  I'mcT,  <ir  llx/ 

Bta  Iccn  nm  llJniiy  mrtnirni,  <it  mils 

LO  nJot  (Jj  tbfi  ml  fiudcDt.    In  Tr« 

Louvllm-uvbtillt  fiv  L'n|n'ii«lTi.' iLEih] 

)  diOIODlL  f<ir  (JiD  brjrinniv  ;  vuMfi  Tlw 

bJbOA'.  tbt  Lum  tbcy  iln  tpy  i14AtI>?Iiii{ 

FaxpluM  ymt—n  Kuil  nuthiiutol  uicni- 

ttlcoi  !■  WDb  pntor  tbui  uijr  roM  tfifj 

C«ui  itD  H  Uw  Nwta'.  I'raliwjt  IIi^iah. 

J  Mlb  A  IboniUEb  pnfCfcAl  kufnrlrflp?  ot 

■■ '*  ■uIjJb*^-  I»iBW"iiinitljuri*ii«Lllt>-ot  iW 

VLnt  TftTncb>wr]tAn  111  hiHilci  ILLvtlv 

»  k^«*  u*— be  OBfi  hkvillc  wl<h  mut 

TmnAlAturDmttiitiTttrionmpent- 

1  tTi*  up^tniat  rmiilE'Tcvl.  ■iir) 

HKOMranlan  nt  tbo  imrk*  In  whicli 

...}ij  trt  flurltd  OD.    Tbb  1>  tlK  fqult  rtt 

pMllif  IMiaDtUjiiwiiTmuil  Willi  tinmi. 

Knd  II  jrfT««  bi  tip  hvtk  tn  inl^nvl  In 

Ihe^DinJ  rauIne4wl]«itaThefln<1iM}l 

In  (fli'LukBt  uicUluTf^.     TIf  ubicct 

AIjOEBRA  and  TRIOOKOUETRT. 


lldvTf  1'  onp  At  tmorfw  li 
<>Fi-F>  UittllLnni  twHD  mdM  IM  |*m<- 
•nn  111  iiiluliiii  Kiuu  kawMt*  <•  Ua 
TDTlbii^  uiil  tn  Taimj  lnljM»—  vmAv- 
rul,  pnwnK*  by  vhlch  iim  yitm  Inm 
tlK>  alFlh  llw  limrlmia  mat  ■■EtU  WMlK 
■nd  fymmla  tlien]  ID  hit  ««  In 
nuuibo^os  *«nL  Wllfe  MUb  ■ 
iKiiil<uudUllc«lQwtUbtltllla_ 
■u*^  knowledifTv  uid  v«  flH4  ion  U  tIU 
nv  1on(  la  In  tbr  iBO'b  tt  uugi  who 
tuaieoDlutHitiMiiit  pnctkillr (ooaUic 
tlie  BuiUilltiii^  an.  To  Ite  it^nl  H 
irt11  niipl;  nil  Ibr  tBOVlirtat  iiiin««cir 
fur  laliiiiBrf  immlnaHinit ;  lod  vUl,  t^ 
tbeokw  Jiaipliou  Mid  axniint  dt^ 

<>innii*hanil(s  hifDrauUM  ■■  to  U> 
ainacnMliHi  ot  Ua  meet  hmrjtMl  far- 
iiikvi  fv  SBvltlnif  and  nUBf  nba^ 
UvOf  wHbtbi  mn*  nMM  bwnxv 
Dicnl*  hi  apiiuiiu*  uul  feWalrJ  pto. 
<»■■■  muiikTad  bMb  Id  t)M  cnsnliT  and 

By  Ibe  B«r.  Wrxum 

litTiniiiiti.iiMmi'-nii.  •kuiiIdii  Ptuow  at  SI. -lohii'i  CuUni.  Cambrldn. 
PrilrS..  fU.— NiirBS  ou  Ibo  BAMB.     l>rta  li  M. 

THEORY  of  HEAT.    By  J.  Cl»i«  Mawmj.  M.A.  LLC.  V£m. 

r  JLSH.  L.  i;  K.  Wltb  «1  WonlasU  ind  Dlwnnu.  Fll"  *(-  M. 
'  (^4il?TT  4  a«  ailileBcd  to  MuileiiG* 
>lnady  veil  mliMd  In  nnethlnR  mon 
tim  <ht  Bboivnla  nt  mBUuuiBllaik  *ud 
BubUlir  vfth  tbr  flUidHDelital  Umot 
(Mdankit  It  vonld  la  haul  la  awna  a 
la  aodb  mAm  n  mu 

)  ol  1ViEn>>eAitn*n'>n. 


I 


■•k*k      \      HI 


■n  admlnlil*  ansuni  <*  Iba 
■tatl  at  kbovlidifr  •*  10  tbe  ■■ 
ethUa  at  bat,  at  <ta  «tf>  br  wMEh 
tliat  knowlidfa  baa  bwB  BBT»nil  at  tti 
baarincoa  tin  meknllar  n^fUUMa  at 
tutwr.  and  «(  til*  m—iini  fotala  at 

-"■"-  "-  —"1  ■   '  -    r  '  I  ^  tb* 


I 


%«iwaarKiBtt.^lkMuxai^ 


The  ABT  of  ELECTRO -MErAUjUROY.  intlnding  »Il 

known  Pron—n  at  ilrotm-UagximiHi.    DjO.  Ooui.  lJj>.  P.BA AnltiDr 
o( 'TluAiiof  etiondflo  DUootiff,"    WUb  M  VMdcoM.    Frta«ii 


ok  Id  >tH  MMtlUnl  tnUa whk^ti  tti* 
I  an  Imahg  In  uif  v^  to  iba 

1  tat  tocbdlcal  tdoaiUiiu.' 

■BiKlro-inMiillinvT,  tiMwlihnainllnft 

■  bupurUnt  i^ilDg  In  the  uu.  tau  bnt 

■;»  llMrHton,  ud  Dr.  Goni  liw 

)  (Dod  HTrln.  tetb  U  thannotlml 

pncClcAl   mflb.   bj  tbQ  cnottkdt 

•anunuT  whlcb  l»  bu  iiaa  altu  ot  lu 
prioelids  tni\  pnirnK-  Dr.  OoM  la 
veil  kumni  fur  Tu-iuon  mtglDtl  trnntl- 
imttun"  in  wl>l«hmhn>wdifirt»Mir«*«nn. 
HnM  iTirh  imuilptilitzttn  *k(ll,  uid  wm, 
[htrrtni*,  toU  luallUnl  In  nmkrt»ta 
t}]DDIpu*i1ittT]<ff  1  lUb^Ht  wbicb  ladinlv 
not  (""ly  ahitruj*  ^wLiiti  <if  (bwry.  bat 

ATllKHnVinH. 

*Df-  Ooifi  liAj  «*1d«iiMf  f|«ntj  DO 
pnlhf  tJ>  nmkx  till*  tifrUhKik  *  wriiplAin 
Dionwl  '4  ibDUtet  tMUo-mrUMurtr. 
Bivluulu'  vttb  (taabMMTOf  tl»  ntb 
ji«-l.  I»  v-l<«  u  tnlaniUDI  nmnnl. 
of  tho  Tl«o  wift  ilm^npniimt  erf  iTa 
Krr.  fill]  uf  nMm<«  ajjd  ilkUe  nod 
ri-frtwion*.  uul  raakd  lb*  uulj  In. 
ir(<nl'>rY  l^ll.  u  fw  m  ni*7  IhI'  tluiir 
mvn  «v>ry  br  Qiwtlntf  Crvvly  fram  tfwlr 

iJulplUfml  ^Afirt.  Tben  follow*  wEut 
umi*  thr  ETmlnr  |i»rt  of  llio  wurk^-4 
fli^AUi*!  (WTiiml  nf  pnwtlml  mni[M«li«  uf 
cTF(Ht<i1lE]|;  rim  VHrioufl  DIPtnlA.  Tlila 
IBinlim  'It  I  lit:  hwili.  ■(  onoD  Ibornnrhlj' 
filrrnni'lAijIlhl  inil  tfiimiinlHVBlTfH  inii' 
uoc  fhlJ  to  proTo  movt  ovful  to  tlj» 


Indloil  ■I*;Iin.|>!iibB',  HwttlHtntlM 

kVdUHo  n.niiFnr^  Tlv  dimaIi  bhhI 
oommaoly  viijiil4!>a1  En  tlie  jltU  rn1v« 
of  oiurat  niuit  i^lttfiiiun ;  but  alowrt 
nonn.  Btnu  of  111*  ntmt  InMalfc  IB* 
•rtlhont  nolIr«  ud  Ibt  taparbn«M*  «n 
dncfilnl  wttti  Uh  jmdalup  ilul  cnmH 
nnly  (4  ajwtotK*.  An  lutmlnhUfoMora 
•<  Dr.  Oorars  bnnli  to  lilt  liabli  ba  bu  of 
Rbrliiir  ipcoinf  nfi'nuoB  tu  Uu  itulburi- 
t^b«m4ki«iiHof,  tnlbnliin^nnmvttEi 
It  llbruT  fet  hM  nnrjmvid  JTitiJ.  if  bd 
oboM^  turn  up  Ibd  paaiftits  r^ud.  Tb* 
Autbar  !•  b)  M  mnitntaliiUd  nn  tb* 
fAcuoralntlnn  uiri  RjntnoMHi  VTjour^ 
mnntof  wi  ImmflnHtiuHfrflnfonuJMloa 
of  t  kind  ttitt  will  ba  WEkfnniid  ullk*  la 
tbo  wtirkjUop  Aod  la  Llid  klur^lnrj.* 

NtTunt 

■  Dr.OoHi  la  tob(  wnnMlnMl  BpOB 
tbaTalubbmrk  wbinhlialuainlUaq ; 
ba  biv  «pv«d  no  pttat  to  makv  It  aa 

WMnpli-tfl  HI  pniBlblo,  and  wa  bft»a  no 
daiihrr  ihat  It  «U]  tcc^nir  a  Bla^idurd 
Bork  lu  [bii  bundu  ol  ilm  nbo  ara 
InMc^nUd  lu  tbn  auMHit' 

(.'HEVICUi  KkirC 

•  So  far  •■  wo  »ao  aoo.  hoiiv™r,  ft 
bu  no  EiiHd  to  tvar  tba  doavt  CErlUdJBB. 
nei  "Iti'rt  bailntr  apftraMy  Mm  (paml 
Ki  niakf  It  aa  Booiirale.  aa  oaatfUia.  md 
u  Linuful  u  ihbiIIjIii.  W«  mnr  add  UuA 
It  tt  f»]tfi  ciF   Unwnt.  f/iHi>HAH'A   torlof  of  - 

Tfr(- titati  I'f  »tmr«.  and  la  injt  cn- 
mii-thy  at  a  plaoc  amuiic  Itw  adinlratrii 
votiiuoii  *}dab  Uiat  naim  unnBaJua^' 
Ijmoa  MunosBT. 


TBOHWIOAL  ARITHMETIC  (ind  MElirSTTRATION. 

Bj  il'inHLiB  W.  MmiiulTio.ii.  U.S.    Trior  )i  W.— KBIT  lorJAMK.  rriooSt*/, 

INTRODITOTION'  to   the   STODT  of    IWORGANIO 

CIlElttSTnT.    Br  Wiij.iiii  Alum  Mii.i.bii,  U.U.  LLJ),  V.sm.    WItb  n 

TELEOBAPHT.    By  W.  H.  Pbmw.  C.E.  nod  J.  Siy«wbiost, 

M.A.    Willi  lau  WoodlraU  and  Iiiagmau.    Pr!«  Ju.  «d, 

"WOBKBHOP  APPLIANCES,  indudins  DMci-ipiIont  of  th* 
CiHiikrliiiK-  nod  Mr^vnMhir  IniEF^irnvrit*.  t1»  iland  i'atUut  1Vil«.  Latbpt, 
Brilll.bi;,  PlmilTiK,  andolbrrMartilun  rmli  iiinl  hjr  Knglnn-ri.  Bt  C.  P.  B. 
Fnit.i.nr.  Clrll  Knglwor.    Wllh  2a»  Wnod  KnfraTlDiti.    Pricu  ti.  (tl. 

QUANTTTATrVE  CHEMICAL  ANALY3IS.    Bj  T.  R 

TnoRl^  yJLSJ,  Pntfimtor  of  CboiiilaUy  In  ibtf  Andurwnilan  I'nlfimltf^. 
Olai^v.    WRbSS^onl  Itn^rTK/iugi.    I>lai(f,  jEif. 


■WaffMi^rtOiIaToinnjr  tobesTflry 
TiJoabli' »ldl:ti>D  lootMnlnl  JlUntun; 
mt'l  TEiDf\.  k>  nu.luubC  tbaCfTtrjwnrklnK 
analy-l  Mil  ipprMUM  it  H  a  HDlilo  In 
Its*  own  Ibliiralnry  in'rfMlv'iiLlimi  v 
aili-b  at  lu  Dir  lualru.'H'in  <it  liW  iniiaK 
Tb*  wnrk  crTntA^iEiB  &  wt  anininii  i>f 
ftlffTTiiallnn  M  l-i  all  tftii  luiir^  l.nnt- 
irVTthv  method/  of  dornrriiiulri*:  Iba 
Igauilitttln  euoiiKKiUoa  ol  maiij  UJital 


and  Imp^iTMnl  ^imlooUv  Tbe  nowtft 
and  Irat  jjniLvwi  aTi\  iIoacHhad  wltli 
Bi'cnrncj  aiirl  mlnnt'nnv.  And  laoatraud 
t?  mnuiB  nf  nunicAFoa  woti '4lrawn  AfXtfca 
ot  apijarawa.  .  .  .  lu  tuUni;  Intra  of 
Mr.  Tiu^iWa  iMl-hneik  wn  mait  atnin 
CDrnmimd  It  In  tlit  aii^orlon  nf  aM  wba 
an  Ui  aay  wM  InwoAjiA'nLUiemiNuMt 
»iu)  nanXw  lA  aauMOiaUn*  AvB^o^ 
tualjaW  lUimownuMwnobi-'UmaBi 


Tiwt-BMir  of  &I0M*. 


UAKUAXi    of     QPAXJTATIVE      ANALTSIS     and 

L\m»UTOIir  raAtrnCE.  B/  T.  X.  Tnonpc  V.Ui(.K  Vnl^Hi  «( 
Chcuiiitn  111  tin  AnilKKialaa  tlclTgnltjr,  QlMgMi  ud  M.  R.  PattdM 
Wmii.    Priro  »..  M. 

DTTBODDOTION   to    tho    BT0DY    of    OHSaDOAI, 

PUIIjOIOPIIY  ;  »»  |-|tlKI-||'IJH  ol  TJISORSTtCU.  Ul  8TBTXV1TI0 
CHKMIBTRY.     Bj  WiuiJJt   A.  ItUJU,  B.a«.  Lonteo.  F.OA     WHta  1 


"n«  •liBii*lil;r  umitini  tnaiiu  at 
\  ntMi  onciM  t»  U  la  Uh  liuiib  n{ 

tte  aMnot  nut  at  th>  hAJhI,  In  • 
conciK  uid  aur  niMiiHr,  md  iaf«4illf 
H  la  aodlaiil  (A  nlotn  and  ■lunildtr, 

'AfnoDKM  tlrii  tii4i  nf  «mU  n^?* 
boote  OB  ^><RmfT,  irttb  niMl  ul  wlilch 
■tOuoW  tuMOy  df*p«n>a.  Imfe  Ij  utid  *i>rk 

EI1EUBST8  of  MAOHINEl  DBSiaS :  u  Inucdnctioa  t« 

Uu  Ptioeitt—  <rtilfb  iltuniiiiit  Ulk  AtAafnMBC  lad  IVapnttlaa  d(  tV  hru 
ot  llHTliluMi.  asil  •  CoUkUvb  ct  Buba  b(  MmUiw  Mn-    ~    ~    - 


ct  ritt  •IIAnat  Mb  to  tb*  «>iauBa* 

cueuUmi  al  Kr.  TtiJiuc^  tMrctertti* 
!•  •■  (XBiiMniU*)  fair  leciaiacj  iM 
OtntcmgiiBim  w  (bt  Mb  of  >!■■  bonk  H 

hlglL  ,  .  .  Df.TlLClD^  bnttwUlBlM 

ft  tslDaMa  enmeUfv  te  a  jii  ■■hm 
tenitoiKflo  lo(ik  MUw  bMMiIi  tfiiii  id 
•tIMIMIT.ia*  M  Umm— IHtttwIU 
iT^f"*!!'  Viii  f  I  tiiiiillii— lawalil 
MacUlbtaMMia*,- 


TKciKiK  UKwm,  DXa  Aw«  liM.  (lK. 


■  Wv  ilJuk  ibv  •tudasi  Tbo  ulua  till* 
tiir  •  vit-li'Kit;  oiU  find  htBUidl  In  nrj 

BOCt  l«Bl>i1«.~  K.'lliHir.  llOJkHllCMIUlNlCIX 

'  TIiIj  tvvi-lii'ik  diJilru  tto  pila- 
dplia  ui»ii  wiiu'li  tlw  binunlo  ol  lis 
rtfmwbW-fiOcv  fti^  fchuaddJ.  Md  Ibiu 
<>fiMin»u«ni>Wf»l  ui  U  mlivd  M* 
'iini  Tlw inbi'ux ol  iuujmcBuam 
_  I  Itan«*ux  DfU  HUUMMd  anlmoml 
ttbtim.  aMdmUwlllaodiUtbaiklnu 
iJliiftmiinliiiiiiiiiMllnllniiiiilTtViiiiiir 
M(s  (<  ndlMiy  tljHiniuid  Mbobd. 
ttHCrr.  tncl  tb*  iHdiitnlJuuiand  lalilv 
■ntHIIrumnldlHrlailMd.'  frHmtTOB. 
*  PnfiBor  tlKWiT,  conUnlnf  kSui- 
Wo  BuUiad  iriUi  pneUinl  ciinVmea. 
bo  jnluotil  *  wins  urtiM  irlll  onn*  « 
nlimlji'  ndillUni  la  put  bsliiiiuj  llim- 


_       Bt  W.  Cj.w. 
Vll^  nt  Van  BapnlDa*.    It  W. 


I 


Km.  and  Mppir  ■  vast  In*  fait  br 
UmM  onfid  In  OMtcDMc  ■mMptt. 
.  .  .  Iiioo9iliBl«,«*s*rnn«t  (Ut 
ibbllMb  liririfi  Tinimi  ■■i.im  Ui 
hl«biii(iiiiailiiB«WeI>|i^4M<irtr«wir^ 
imilsiH  wtrki  ban  am  tie  bbu.' 

'llw.   Vxwo^  al«icc  htr  boa  M 

•Moll  itttiiriinrWi-TMrtifnTWMiii 

■■  snUa  la  mtcbUH  ciUatUnn,  HI* 
took  oaitaUu  ■  ulialiw  al  mMtal 
nlat  aiul  mAd  prapcatUw  Mr  nMnaa 
**n*  K  UHhtaH.  Tbc  wattiMaMn 
amplond  Ht  IW  Utt  bhiI  part  ct  ■  mr 
ABplBktBd.  ThadtaxmuMtOawwA 
wiri«MnlIlgt:  and  ibr  lldlo wtauDt aHI 
b«  fMuid  a  miMblt  hwibwb  Iv  ih* 


(oduKriiiic  dnofbUiiaa.'  AmnrjHK. 
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■Tbta  la  an  BniilWi— aod  a  rod 
.-noites  of  ttn  tati-tnk  of 
nr  ad(pMd  Ui  tta  IcrhoMal  xdunlt 
RiDBiir.  aod  it  itimlljw  nam  lu  ui 
«IUi  ■  noDSHUQilaUoB  id  tho  Btniwl 
tmsanuH*.  it  raWmiir  lutiisui  lui 
•Klmali  ttiD  AWUnUon  at  TtMaUMi 
OP  tbagtohataibtiinaianilftltfatjmj 
■iiii1mtiiumri,ilafnai<Hii)ini«n]ing 
tU>  murk  (akca  ot  oajAtw  al  a  f  luin, 
Ufl  Ru-^nrtii  EJiHl  iitc  bwk  itailiinif  uiEitl 
bt  v^nhr  of  «iur  aurinui  atE^auiorL 
And  fc>tt  It.  VCfliaTf  Tir>rmiijjr*h<'mlro 
tmiit'irn  iKitau^  hTU'.^Ii  au  t«<ijlr»jaiRil 
Wllb  it  f  nr  rwtE]V»,  Wld  A£  tfuj  lUIW  LliEit 

hiT  ImTity.  •minn] .  «nr1  inr  ■imUIlt 
unblUuu  In  niicot.  «f  hhIi  maiHn  •• 


bdooK  bi  tte  dntnata  a{  vacolatlM.' 
OuuMmrti  Hmumb. 
■W*  tore  UI  bonliaUaa  h  ooi. 
■uhUiw  hirfMor  THDitf  •  tmbm* 
b>  HeilU  •Mdmn  vbo  bai*  a*k 
•oma  mill  umiM  la  blOmkal  Madtaa 
t(liB«U  tmoaM  nr  *a  daH  aad  tba 
•dlimal  aiMttlnpa  an  jaaaiMlj  an* 
twrfnil;  dose  HblW  ttaDlaaauiHiaia 
HTT  nuinsuoa,  Tbt  i*wal  atnti  •( 
boUckul  ptB^raftT-  anoMipaaU  ai  li 
l>  b^  ■  n^  wHal  nloond  au^  It  (ba 
liM  clapur  en  itbui  wigrapby  la  aH 
luIraluMurr  BwUh  IrtlbVMiaaM* 
aiuiuinHil,  Ni.VaiimT.I 
•ud  (dUor.  tf  (o  b>  mianiialMid  aa 
snairtib  wUcb  to  bwiaUUM  Ml  I 
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Imld^  BkUcT  ol  lirwl,  InHlitnl  Oj  CuvtciWr.    It  tdU.  »>".  BSi. 

—  AnUqnlUMotlBMl,  tnmlntddbyAiUr.    Jn.  IU.M. 
OoldilliEi'i  UyUiDUiU'  amaiis  ttut  Betnwt.    Sra.  lb. 
Jala^iTjjmeiatamlt.    Crown  Bto.  ti. U. 

—  Hsonrl  DcUb  ini]  tho  KstMutlon  of  *ll  Tbinfk  Omn  an.tib  U 
Kalbdi'iBlliWStKtUa.   Takc  I.  uw  ■■mphnJnntlklua.    Sro.  I0>.  W. 

^       —        —  ruii  II.  lacBotikaf  JMuih.    am.  I  Of.  M. 

Kdth')  BrUnKBot  Did  TnniiuIUwOtuMtin  lMlirt<>nd«li«l  IroiD  Uie  IfnlAI- 

mntul  ITaplHKy.    *)aii»x<a.l3>-ft(.    rMtttiiLti. 
Xnonon  du  Urn  Fnqiluitii  i.iiri  IVuphw)'  In  IdihI.    Kkd.  Hi. 
lorn  Of nouiici.    Ilymui  tmuUIallif  Ula  Wlokmirth.    FtiL  Mn.  St. 
Uannlnfr'i  Tnuinnil  Mlwlnn  nl  the  Mnly  Hhnrt.    tin.  t4  M. 
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